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DETAILED INFORMATION OF AN AUSTRIAN ALBATROS BIPLANE 
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CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


THE BURGESS COMPANY | 


MARBLEHEAD, MASS. 





Sole Licencees for the United States Member of the Manufacturers 
for the Dunne Patents Aircraft Association, Inc. 
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Russia Comes to 


HALL- SCOTT 


An order of 300 Hall-Scott Airplane 
engines has recently been completed and 
shipped to the eastern battle front—a full 






month ahead of contract date. 


2. Many of these type A-5 six cylinder equip- 

a i oe ments rated at 125 h. p. at 1300 r. p. m. were 

eS BT given severe tests of ten hours continuous run 

ee under the supervision of Hall-Scott engineers. 

In addition to this test, each motor was given a 

six hour run, disassembled and all parts in- 

fl spected, then reassembled and a final run of one 

P hour made to meet the requirements of Russian 
acl wv army engineers. 


all A most remarkable showing was made in the 
fact that each engine developed from 5 to 15 
| 4, h p. in excess of rating. Less than one-half of 
Joa a one per cent failed to pass the most rigid require- 
ments as to workmanship, material.and running 
tests. 


This A-5 six cylinder Airplane equipment is 
now in successful use in numerous army and 


navy land and water planes. 


The Hall-Scott Motor Car Company is now 
devoting its entire energies to the production of 
engines on U. S. Government orders only. 


HALI-SCOTT 
MOTOR CAR @ 


CROCKER BUILDING 
SAN FRANCISCO, CALIFORNIA 


Eastern Representative, F. P. Whittaker 
165 BROADWAY, NEW YORK 
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WITH 


WIDE OPEN- 


THROTTLE 


In the recent test conducted under the dire 
supervision of the U. S. Army and Navy, th 
120 H. P. Unton Airmotor ran, delivering tt 
maximum power, for 48 hours (as requird 
under Army Spec’s. 1002) 


The Government report states... 


“The only adjustments made during tht 
test were cleaning the spark plugs and adjustim 
gaps to 0.018" and cleaning distributor raceway 


“When the run was stopped the engm 
was functioning very satisfactorily.” 


** Average gas consumption was 0.558 pounds per H.P. hour. " 
‘‘ Average oil consumption was 0.0124 pounds per H.P. hour.” 


UNION GAS ENGINE CO. 
OAKLAND—CALIFORNIA 
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Sighted is 
Now For a Quick Ce 
Get-Away | 


OUR range is found. Guns will soon be pointed 
y then—suppose bearing trouble should develop. 

Self-aligning double-row SKF Ball Bearings on 
your airplane have the distinct advantage of keeping 
all parts running smooth—true and free from bind- 
ing strains and rapid wear. Endurance flights, spirals 
and quick rises soon test out the merits of ball bear- 
ings. That is why most of the leading airplanes are 


fitted wth SKF Ball Bearings. 


oKF SALL BEARING CO. 


HARTFORD, CONN. 


SAFETY FIRST 


SELF-ALIGN MENT 
GA /\\ 
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Duesenberg Airplane Engines 


HE Duesenberg Airplane Engine is not 
an automobile motor. It is an engine 


designed and built to meet the requirements of 


the Airplane with a very lively understanding 
of the difficulties to be overcome. It is in no 
way experimental, as all the dominant features 
of its design have been worked out and tried 
out in racing tests on the automobile racing 


DUESENBERG MOTORS CORPORATION, 120 BROADWAY, NEW YORK CIT! 


tracks and in motor boat racing. The fact 
brought out in these fierce tests have been it- 
corporated in this Airplane Engine, making 
the simplest and most efficient motor for Aett- 
nautical purposes. A motor that is powerll 
for its weight, simple in its construction ai 
free from freakish whims in its design. Write 
to-day for a descriptive bulletin. 
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The J. G. White 


Engineering Corporation 





Designers /: oo) Engineers 


Contractors 


Perform all designing, engineering and 
construction work in connection with aero- 
plane factories; aviation fields; also other 
industrial properties and public utilities. 


Engineering investigations and_ reports 
made with recommendations covering 
every detail of design and construction. 


Purchase for clients apparatus, materials 
and supplies of every description, and 
make necessary inspections and arrange- 
ments for prompt shipment. 


43 Exchange Place New York 


LONDON CHICAGO 
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Official Government tests at the Bureau of Stand- 
ards have shown that ACKERMAN WHEELS will 
successfully resist all the ordinary compression and side | 
thrust shocks to which the landing gear of the modern 
airplane is subjected and that they have greater reserve 
power to meet extraordinary loads. 


Constructors can greatly simplify the complex | 
problems of landing gear design by the adoption of | 
rigid axles with ACKERMAN WHEELS and at the 
same time insure a better landing support for the air- 
plane. 





The spring action of the wheel absorbs all shock 
before it reaches the axle, prevents rebound and makes 


SHOCK ABSORBERS UNNECESSARY 
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> 1917 on 


JHE MODERN AIRPLANE 














The most severe tests and actual field practice have 
proven the correctness of the statement that ACKER- 
MAN WHEELS are logical equipment for the modern 


airplane. 


Wheels built for any weight 
machine from 500 pounds up. 


| The ACKERMAN WHEEL COMPANY 


ROCKEFELLER BUILDING _ - : CLEVELAND, OHIO 
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Aeroplanes 
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LEWIS & VOUGHT CORPORATION 
WEBSTER AND 7th AVENUES, 
LONG ISLAND CITY, N. Y- 
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Factories, Plainfield, N. J., Elizabeth, N. J. 
Executive offices, Woolworth Bldg. 
New York City 
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2*/Ao POUNDS PER HORSE POWER 


We announce our latest airplane engine 
Model 5A-4%, 8 cylinder 
Equipped with Sturtevant Thermostat 
for control of temperature 
And Sturtevant Automatic Altitude Compensating 
Attachment for carburetor 


HORSEPOWER 210 WEIGHT 508 POUNDS 


Deliveries can be made in three to four weeks. 











ni 

















REG. U. S. PAT. OFFa 




















B. F. STURTEVANT COMPANY 


Hyde Park, Boston, Massachusetts 


Member of the Aircraft Manufacturers’ Association, Inc. 
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Airplane Propeller Specialists 





Lec 





Propellers for airplanes, 





hydroairplanes, dirigibles, 
etc., desianed and built to 
the individual requirements 
of your power plant and 


type of machine. 
Inquiries solic 


A high percer 
latest and mo 


war machines 





fronts are 
LANG PROPELL 


DA 


Lang Propeller Company of America, Inc. 
New York Office s $3 : Room 419, 30 East 42d Street 
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Sterling 


SUNBEAM 


12-Cylinder Airplane Engine 


It is a recognized fact that the successful airplane engine 
must be constructed of the finest materials obtainable. 


The Sterling Engine Company selected Magnalite pistons 
as standard after long exhaustive experiments and tests. The 
majority of American Airplane engine manufacturers have 
made a similar selection. 


A special booklet on piston design will be gledly mailed 
upon request. 


WALKER M. LEVETT COMPANY 
417-419-421 East 23d Street New York 


SOLE MANUFACTURERS 


Magnalite Pistons 
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Made in Half 
the Time 











It takes but 5'2 minutes—about half the time of the 
ordinary screw machine—to complete this carbon 
steel screw on the 




















No. 4 Universal PS 
Turret Screw Machine 


Like the Universal Hollow-Hexagon Turret Lathes, this machine 
takes two cuts at one time, because the carriage has a power oper- 
ated feed shaft, with eight feeds in either direction, independent of 
the hexagon turret. 








In this example, while the threaded end is being turned and 
threaded by the hexagon turret, the opposite end is formed and turned 
by the square turret on the carriage. 


tr 


Ask us to show how this machine could 
save time on your work. Send blue- 
prints with rough and finished samples 


THE WARNER & SWASEY COMPANY 
CLEVELAND, OHIO, U. S. A. ta 
3 


TURRET LATHES—TURRET SCREW MACHINES—BRASS WORKING MACHINE TOOLS 











NEW YORK Office—Singer Bldg Boston Office—Oliver Bldg Buffalo Office—lIroquois Bldg. 
Detroit Office—Ford Bldg. Chicago Office and Show Room—#18-622 Washington Blvd. 

FOREIGN AGENTS: Chas. Churchill & Co., Ltd., London, Birmingham, Manchester, Newcastle-on-Tyne and Glasgow. 
Allied Machinery Company, Paris and Turin Van Rietschot« & Houwens, Rotterdam Yamatake & Co., Tokio. Benson 
Brothers, 5 beamed ane Me bourne A. Asher Smith, rene \. R. Williams Machinery Co., Ltd., Toronto, St. John, Win- 


nipeg and Vancouver. Williams & Wilson, Ltd., Montreal 
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To All Aeroplane Manufacturers 


WARNINC! 


ON THE USE OF 
Aeroplane Thermometers 














TTENTION is called to United States 
Patent, “‘ Boyce,” 1206783, owned 
by this company covering the use of 

he “bulb of the thermometer in the outlet 
pipe of the cooling system. 


We warn the trade that, notwithstand- 

ing all statements of others to the con- 
trary, each and every owner and manufacturer 
using an instrument other than the 


BOYCE 
MCTrO METER 


in the manner described in said patents, is 


liable for damages. 
Respectfully, 


THE Motro-METER Co. Inc. 


_hew tp. hres 


For the Company 


HN 


=| 
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MILITARY AIRPLANES 
SEAPLANES 


AIRPLANE PARTS 


We are in a position to devote part of our excellent facilities to quantity 


production of 


METAL FITTINGS 


SHEET METAL WORK 
and 


WOODEN PARTS 


for other airplane companies. 


Investigation of our facilities solicited 








Des Lauriers Aircraft Corporation 


MAIN OFFICE AND FACTORY: ‘NEW YORK OFFICE: 
Murray and Mulberry Sts. Woolworth Building 
Newark, N. J. New York City 
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Airplane Parts! 


Immediate Delivery! 


Fortunately, the present Push Rod Tubes made oval and ‘‘D’’ 
crisis finds the Standard Tubing formed per B/P’s shaped tubing for the 
Parts Company ready to. and straight tubing in di- Curtiss Airplane Co. 
help you greatly in the ameters ranging from \%” 
rush demand for airplanes. to 2%”, 14 gauge (.083’’) Let us help you make 


to 22 gauge (.028””) your estimates. 
We are able to ship im- 


mediately necessary parts Special Rod Assemblies 
for the construction of air- Rims of all sizes to gov- 
planes the government must ernment specifications 

have in a hurry. Bearings 


Write us for information 
at once before you submit 
your bids for airplane con- 
struction. 


Tire Rims If you have already made 
Springs a contract, wire or write us 
Forgings. immediately and take ad- 
Steel Tubing vantage of the instant ser- 
Stabilizer Tubes For years we have _ vice we can render you. 


You can order from us 
at once such parts as: 


The factories of this company have | «.n among the foremost in the 
field of motor-driven vehicles sinc- tlie earliest days of the industry. 
Our engineering department and our laboratories are among the 
most complete in the world. 


The Standard Parts Company, Cleveland, Ohio, U. S. A. 


Famous for Stanweld Rims, Tubing, etc., Perfection Springs, Bock Bearings, 
Axles, Perfection Heaters, Forgings, Hubs, etc., etc. 
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Our Facilities 
enable us to produce propellers of 
highest quality in workmanship 
and material. 


Our Five Years’ Experience 


enables us to design and build pro- 
pellers to meet all requirements. 





Our Ample Supply 
of best quality kiln dried Ameri- 
can Walnut enables us to give 
prompt, efficient and satisfactory 
service. 





We control our product from 
the forest to the finished 
propeller blade. 


OUR PROPELLERS ARE 
BUILT ON HONOR 











4ky yee 
“FLL wayNut PROM 
'QUA-QHIO-V-> 














LPB Ret 





1—Propeller Experts Finishing Liberty Propellers. 3—A train of prime American Walnut logs arriving at our plast 


f ri 5 york —Sawing walnut logs into propeller lumber at our plant. 
2— eroplane propeller copying lathes at work. 4 1g { 
ee = “6 5—Our ample stocks of American Walnut. 
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TURNBUCKLES 


We Manufacture the Following Type Aeroplane Turnbuckles 


Standard Type 


No. 1 Female, Short A-1518 No. 2 Female, Long A-1520 
No. 1 Male, Short A-1522 No. 3 Male, Long A-1524 


Curtiss Type 


326 Short, Male 327 Long, Female 
326 Short, Female 327 Short, Female 
326 Long, Female 328 Long, Female 
327 Long, Male 329 Long, Female 





Hut? eee mA TOPOL 


The Dayton Metal Products Company 


DAYTON, OHIO, U.S. A. 
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= “NORMA” 
BALL BEARING 


(Patented) 





E have the 
most complete 
equipment in 
America for the manu- 
facture of parts for 
J N 4 types of air- 
planes. 







































For three years we have 
made parts for the larg- 
est airplane builders on 
the Western Continent. 
FORGING 
MACHINING 
POLISHING 
NICKLING 


Send usa your blue prints 


Smooth, speedy, dependable service 

demands ample power at all times 
< available and a lighting system at 
all times dependable. Dissatisfac- 
tion with many a good airplane 
and engine can be traced to de- 
fective performance of ignition 
and lighting apparatus. 























The service capacity of a 
magneto or lighting gen- 
erator depends upon the 
service capacity of its parts. 
The highest-grade mag- 
netos and lighting gen- 
erators are safeguarded 
against bearing troubles by 
the use of "NORMA” Ball 
Bearings—the speed bear- 
ings of proved service- 
ability. 





















cond . Be SURE. See that your Electrical 
= pre NS Accessories are “NORMA” Equipped 






THE NORMA COMPANY OF AMERICG 


i799 BROADWAY NEW YORK 








Ball, Roller, Thrust and Combination Bearings. 






- 


BARCALO MANUFACTURING CO. 
BUFFALO, N.Y. 
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warns against 


Overbanking—Underbanking—Sideslipping—Skidding 





The Sperry Gyroscope Company 


Manhattan Bridge Plaza, BROOKLYN, N. Y. 


Telephone: 9700 Main 
126 Rue de Provence, Paris 15 Victoria Street, London, S. W. 
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(é O) me facilities at Newport 
az) News, Va., permit us to 
take for aviation training im- 
mediately 40 more students, 
30 on land machines 10 on fly- 
ing boats. 


This offers an excellent opportunity 
for men to gain aviation training at an 
old established school where the best 
of instruction and a wide variety of 
types of aeroplanes, hydroaeroplanes 
and flying boats are available. 


Students will be accepted in order of 
enrollment. 


For full information wire or apply 


Atlantic Coast Aeronautical Station, 
Newport News, Va. 
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Means of Obtaining High Volumetric Efficiency for Aviation Engines 


Although it is at the present time impossible to give any 
definite rules and regulations in regard to design of valves, 
intake and exhaust ports of airplane engines, a few general 
facts may be stated which have been found during the latest 
developments in this country and abroad. ; ne 

The one and most important point in the design of aviation 
engines is the matter of reducing the weight of the engine 
per developed horsepower, without sacrificing the factor of 
safety and the reliability of the different parts of the engine. 

In general it can be said that the weight of a number of 
parts of an engine is to a certain degree independent of 
the horsepower developed by the engine. This refers, for in- 
stance, to parts such as water pump and connections, ignition 
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This development seems, however, recently to have received 
somewhat of a setback by reason of the development of an 
air propeller that would give satisfactory efficieney at as high 
as 1700 r.p.m. It is generally found in comparing a geared 
down engine, running at 2100 r.p.m with an engine of same 
cylinder dimensions and valve construction but running as a 
straight drive at 1700 r.p.m., that the weight of the gears off- 
sets the increased power output, due to the increased engine 
revolutions, and that the total horsepower per pound becomes 
approximately the same in both cases, and the less complicated 
straight drive engine is usually preferred. A further example 
of this can be found in the same engine mentioned above. This 
engine was further developed to run 1700 r.p.m. straight drive, 
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systems, camshafts and camshaft drive, lower part of crank 
ase, or oil sump, ete. If, therefore, the developed power of 
the engine can be increased without adding more cylinders or 
hanging the dimensions of the cylinders, and simply increasing 
he strength of such parts which are submitted to the addi- 
ional strain, such as connecting rods, crankshaft, wristpins, 
tte, it is obvious that a material gain in horsepower per lb. 
mgine weight can be obtained. 
Increased developed horsepower without changing the en- 
gine dimension can be obtained in two ways, either by increas- 
ing the revolutions per min. of the engine, or by increasing the 
mean effective pressure in the cylinder, or again, a combination 
of both. 
It was not found advisable from the early days of the avia- 
Mon engine until the last year, to run the engines over 1400 
rpm. due to the fact that the slippage of the air propeller 
ould become so great at speeds above 1400 r.p.m. that no in- 
eased traction could be obtained. In order to maintain a 
propeller speed of 1400 r.p.m. and still obtain the increased 
ulilency of the higher speed engine, the development of the 
peared down engine was taken up. Several successful types 
ot these engines have been put on the market during the past 
‘ar, and proved in most eases superior to the straight drive 
igines running at 1400 r.p.m., in that they are somewhat 
ighter per horsepower. 

an interesting comparison between two engines of above 
pes can be mentioned one of foreign design, this engine was 
pu t first as a straight drive engine running 1400 r.p.m. and 
veloping one horsepower per 2.9 lb. engine weight. The same 
agine was later built to run 2000 r.p.m. with a geared pro- 
peller shaft running 1500 r.p.m,, and with the same cylinder 


hd valve dimensions the weight decreased to 2.4 lb. per horse- 
bower, 


Fig. 2 





Fig. 3 


and found to develop one horsepower per 2.2 lb. engine weight. 

The only remaining means of increasing the developed horse- 
power without increasing the cylinder dimensions or the num- 
ber of cylinders is, therefore, to increase the explosive pressure, 
or mean effective pressure by increasing the charge of gas into 
each cylinder. The effect of the compression ratio has not 
been given any consideration in above, due to the fact that in 
general present day practice the compression ratio has been 
brought up to the limit of what can be used in practice. A 
compression ratio of 16.5 per cent to 17 per cent is all that 
can be used, and an engine with this compression ratio cannot 
be run with wide open throttle under full load on the ground 
for more than 10 to 15 min. at a time without risking unneces- 
sary damage to the crankshaft bearings, due to excessive vibra- 
tions. Such an engine is generally tested and used on the 
ground up to 75 per cent of full load, the remaining power 
being used only when the airplane in which the engine is 
mounted has reached an altitude where the lower air pressure 
reduces the compression so much that the engine will run nor- 
mally at full open throttle. 

It ean be seen from the above that no additional power out- 
put can be obtained by varying the compression ratio once the 
maximum practical compression ratio has been reached, and 
that designers of aviation engines have only the increase in 
mean effective pressure left as a means of obtaining higher 
output per pound weight. 

The ways of increasing the charge of fuel in the cylinders 
for each explosion can be divided into two classes, the normal 
intake where the downward stroke of the piston creates the 
vacuum necessary to fill the cylinder with gas, and the foreed 
intake, where by some means the charge is forced in under 
pressure. 

In considering the first class of normal intake the force that 


379 











380 


draws the mixture into the cylinder is determined once the 
piston speed and dimensions are determined, and the charge 
can only be increased by decreasing the resistance which the 
incoming charge meets on its way from the carburetor to the 
cylinder head. 

The piston will under normal conditions never draw as much 
charge per suction stroke as is represented by the piston dis- 
placement volume at atmospheric pressure, and temperature. 
The ratio of charge drawn in varies with the engine speed and 
temperature and will in a hot engine decrease at first rapidly 
with increasing speeds, then less rapidly, and becomes constant 
or increases at speeds of 1300 to 1400 r.p.m. The ratio of the 
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charge drawn in compared with the volume displaced by the 
piston will vary from 7 to 80 per cent. 

The first question that rises here is the question of number 
of valves per cylinder, whether two, three or four valves are 
preferable. The construction that will give the most open area 
for the intake valve is the most desirable, and will produce the 
most power, and this is generally obtained by using two intak« 
valves per cylinder. It depends, however, upon the shape ot 
the cylinder head and the location of the valves and must be 
decided in each case. 

The lower weight of the smaller valves will allow a quicke1 
and more sudden opening and closing of the valve, due to less 
reciprocating weight and thus allow the duration of the open 
ing of the valves to be increased to the limit. As a matter of 
strength the smaller valves offer better advantage due to the 
lower weight and weaker springs. The disadvantage of the 
two valves per cylinder lies in the complication in the system 
of rocker-arms and camshaft, which can, however, be somewhat 
offset by using forked rocker-arms so that both valves are 
operated by the same cam and the same rockers. 

The question of exhaust valves is somewhat different. The 
main point here is not to avoid resistance in the expulsion of 
the burnt gases, as these are not driven by a vacuum, but by 
a positive pressure force, the point of most importance is here 
to provide sufficient cooling of the lower part of the valve. 

The valve is cooled at two points around the seat when the 
valve is closed and around the stem where this is in contact 
with the valve guide. Inasmuch as the larger part of the heat 
is carried out through the stem and the valve guide, provided 
the guide is properly cooled, it can easily be understood that 
the valve will run cooler when the mushroom part from which 
the stem draws the heat is small. This favors also the use 
of two smaller exhaust valves per cylinder. 

Another factor that must be considered in the design of the 
exhaust valves is the warpage under heat. While it is advis- 
able from the point of view of cooling to use a wide seat that 
will offer a large surface of contact while the valve is closed, 
such a wide seat is liable to become untight and cause loss of 
compression. As a general rule it can be said that where the 
construction of camshaft and cylinder head will allow it, it 
will be found advantageous to use four valves per cylinder. 

The general design of the valves has been left unchanged 
for several years, and it is just recently that the increased 
competition among aviation engine builders has brought out 
development work along this line. Heretofore, it was and 
is yet in many cases common practice to have the design of 
the intake and the exhaust valves alike, so that the valves are 
interchangeable. 

Lately the tendency has, however, been to design the intake 
valves with more direct regard to the free flow of incoming 
charge. The most disturbing effect in the distribution of the 
gas from the carburetor to the cylinder, is the creation of 
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eddies in the incoming mixture. These offer an appreciabl 


retardation against the free flow of gas. Intake valves 
intake ports in the cylinder heads should, therefo 
designed in such a way as to offer the least possible tend 
to ereate eddies. This can be obtained by giving the Pp 
between the valve and the walls of the ports as much of, 
stream-line shape as possible, and avoid all sharp PTO jecting 
points or hollow corners in the ports. 

Intake valves with a cone shaped power port, or with, 
heavy fillet, as shown in Fig. 1, have recently been bro 
out by some domestic and foreign engine builders, and hay 
given very good results. 

Fig. 2 shows an intake port and valve of older design, ay 
it ean readily be seen that this construction will Offer » 
increased resistance in the gas passage and cause eddies, 

The exhaust valves have also undergone several, ¢ 
lately, and as it is important here to minimize the heating gf 
the lower part of the valve the design as shown in Fig, 3 hy 
been brought out. The rim of the valve is raised above th 
inner surface of the mushroom partly to prevent the hy 
gasses from coming into contact with the surface marked 4 4 
and thus heating the lower part of the port of the valye, aj 
partly to reinforce and provide more body to the rim of tk 
valve which is most exposed to the heat and most liable y 
warp. 

Another point which has no bearing on the power output ¢ 
the engine, but which is of vital importance in reliability aj 
endurance, is the proper cooling and water jacketing of th 
exhaust valve seat and exhaust valve stem. Improper ecooliy 
has given more valve trouble in the past than any other can 
and the importance of water cooled valve guides cannot 
overemphasized. The valve guide should have a waterjade 
all around it and the design of the jacket must provide, 
continuous flow of water in the jacket, not merely form, 
waterpocket where little or no cireulation of water tals 
place. 

However, no matter how carefully the intake passages ai 
valve designs are made there is always a limit to the char 
that ean be drawn into the cylinders through normal suetio, 





Fig. 5 


and in order to further raise the horsepower output of # 
engine the designer must look toward intake or superebaf 
as the technical term has been designated. ; 

It has been attempted to supercharge the cylinders in & 
ferent ways. So far only one has proven successful, that? 
to take in a charge of overrich mixture through normal pis# 
suction and then admit pure air at the bottom of the mis 
stroke under pressure. 

To inject the correct mixture under pressure has not pr 
suceessful, owing to the fact that the gasoline vapors 
condense under pressure and uniform mixture cannd 
obtained in this way. The actual working of the superchag 
engine can be explained as follows: As mentioned 
there is a limit over which it is impossible to raise the @ 
pression without exposing parts of the engine to undue sifé 
The supercharged engine is submitted to the same cond! 
and the compression measured in pounds per square inch ® 
remain the same. The advantage is, however, obtained 1! 
possibility of using a larger explosion chamber for the 
piston area, and thus firing a larger charge of gas, ° 
pressed to the same pressure as for a normal engine. 

The effect of this can roughly be seen on the sketch of 
diagram in Fig. 4 and Fig. 5. Fig. 4 shows the diagrall 
the explosion stroke of a normal engine. This shows 
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increase in the dimensions of the above parts is necessary, and 
the performance of the engine approaches that of a steam 
engine in its freedom from vibrations. In engines of this type 
as much as 100 per cent or more 4ncrease in horsepower over 
engines of the same dimensions, but with normal intake, has 
been obtained. 

It is furthermore possible with supercharged engines to 
vary the compression with very simple mechanical arrange- 
ments, by varying the pressure of the compressed air admitted 
to the cylinder at the bottom of the intake stroke, so that the 
correct compression can be maintained at all altitudes to 
which the airplane may ascend. The present development 
seems to indicate strongly that the future of the aviation 
engine belongs to the supercharged type engine. 
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rel rapid decrease in pressure after the explosion has occurred. 

fore, be ina supercharged engine where a larger body of charge is 

tend burned under the same compression, the initial pressure will 

. noe be somewhat higher, but the most important point is that the 

uh ae pressure will decrease much more slowly, due to the larger 

1 jetting ratio between the combustion chamber and the increase in 
volume caused by the downward travel of the piston. In 

r with jp other words, most of the additional power is obtained after 

. bro: the combustion has taken place, rather than in the moment 

and hay jm of the combustion. = ; oe 

The advantage of this is evident, for the pistons, wristpins, 

sign, and connecting rods, crankshaft, ete, are not subjected to a 

offer . materially higher initial strain, but rather to a steady force 

lies, following after the combustion. In other words, only a slight 
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axis is called the moment of inertia of the body about that 
outputd—™ axis. In the case of the solid, there are always three 


bility aif rectangular axes passing through any particular point, about 
ng of tei each of which it is necessary to know the moment of inertia. 
ry cooliy— When the point selected is the center of gravity of the 
her cauy, body, the axes are known as the gravity axes. It is the 
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moment of inertia of the airplane about each gravity axis that 
is required in stability computations. 

The gravity axes of an airplane are usually selected for 
the position of horizontal flight, that is, the longitudinal axis 
is in the plane of symmetry and parallel to the propeller 
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shaft. For convenience in computations, the axes are desig- 
hated as follows: 

*axis—The longitudinal gravity axis in the plane of 
symmetry. 

y-axis—The transverse gravity axis. 

axis—The vertical gravity axis. 


Determination of the Moments of Inertia of an Airplane 
By John J. Rooney 


In this article it is proposed to explain how the center of 
gravity and moments of inertia of a complete airplane can be 
determined experimentally. 


Method of Finding the Center of Gravity 


As the center of gravity of a well designed airplane is in its 
plane of symmetry, it is only necessary to determine the z 
and z coordinates from fixed reference points in the plane to 
know its position. 

(a) 2-Coordinate—This coordinate which is measured 
along the z-axis from the reference point to the center of 
gravity, is determined by weighing the airplane on two 
platform scales placed under its nose and tail, observing the 
separate weights, measuring the distance between the points 
of support, and then taking moments about one of the points. 

(b) z-Coordinate—As the methods of determining the 
moments of inertia to be described requires the airplane to 
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Fig. 3 


be suspended from a pivot so that it is free to oscillate as a 
compound pendulum, the z-coordinate is determined by a 
method which makes use of the same suspension. 

The airplane is first suspended with the z-axis horizontal 
from a point in the z-axis some distance above the top wing, 
as shown in Fig 2, then deflected through an angle by means 
of a known weight attached to the tail at a known distance 
from the z-axis, as shown diagramatically in Fig. 3. 

Then if W = weight of airplane; 
W, = weight added on tail; 
OP =h, unknown distance measured along z-axis 
from point of suspension to center of gravity; 
PQ =m, known distance measured along z-axis from 
z-axis to point of attachment of W,; 
A = angle through which airplane is deflected. 
By taking moments about P, we have 
h=m W, cot A/(W,+ W) 

In using this method it is advisable to make A as large as 

possible and thereby minimize errors. In measuring the angle 
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a plumb bob with a finé cord about 36 in. long should be 
attached to the body and a mark made at as large a radius as 
possible for each position of the airplane. As it may be 
necessary to know the angle in minutes, it should be 
determined from its tangent and not measured with a 
protractor. 


Methods of Finding Moments of Inertia About Gravity Axes 

(a) About z-axis—The airplane is suspended in a 
suitable frame by means of two cables in its plane of 
symmetry placed equal distances on each side of the center of 
gravity, as shown in side view of Fig. 4. 
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It is essential in making this determination that the air- 
plane oscillate as a rigid body about its axis of suspension 
and that all secondary vibrations about other axes be elimi- 
nated. This condition may be brought about by running 
small wires from the points of suspension to the wing tips, as 
shown in front view, Fig. 4. The airplane by a slight touch 
on the wing tip will now oscillate as prescribed. 

Then if J = moment of inertia in (lb. ft.’) of airplane 

about its 2-axis; 

k = radius of gyration in ft. 

g = acceleration of gravity 32.2 ft. per see. 

h = distance in feet from the axis of suspension of 
the airplane to its center of gravity; 

n = number of complete vibrations per min.; 



































W = weight of airplane in pounds; 
po = = 
— anal 
Front View, Fa. 4 
| ah (60)* 
Kk = PohsGeeeenes ft. (2) 
4x in 

oe. F gt meee eye ore r Tey Te TTT ey (Ib. ft.“) (3) 


No vibrations should be measured while the amplitude is 
large, and a stop watch should be used for timing. 

(b) About y-axis —The airplane is suspended as shown 
in Fig. 2, so as to be free to oscillate in its plane of syntmetry. 
Since the airplane is now suspended from a point, some such 
fitting as shown in Fig. 5 should be used when the cables are 
drawn together, in order to eliminate precession. 

The airplane is now free to oscillate about an axis parallel 
to its y-axis. The observations required are the same as those 
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already given. The moment of inertia about 
eomputed from the formulae (2) and (3). 

(c) About z-axis —The same suspension shown in Fj 
with the exception of the auxiliary wires, is used for this de 
termination. ‘This suspension, as may be observed, permits 
the airplane to oscillate freely about its z-axis after it is Onee 
set In motion. 

Then if r = distance in ft. from z-axis to supporting cable. 

= length of cables in ft. from axis of SUSPensign 
to points of attachment. 


the Y-axis jg 
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Fig. 5 


Results of an Experiment.—The following tabulated resuly 
were obtained by the methods outlined for an American mak 
two-place reconnaissance airplane, of 50 ft. span and weigh 
ing, fully loaded, for six hours’ flight, 2900 Ib. : 


(a) About a-axis: 
NR a RIOR! Beye AEN Mc Re ayy 75,250 Ib. tt’ 
ie is addi didece cal opal aeawrea en 5.10 ft 
(b) About y-axis: 
he x'nddewnehar Maes cee aad 63,600 Ib. ft’ 
De sot ace dl bane ae aeniee mee aaten , 470 ft 
(ec) About z-axis: 
De rad ag ealaee eae ae bone . - 151,000 lb. i 
_ Pe ap he ene es SRE ks eet ade 7.24 ft 


Formulae for Approximate Calculation of Brake Hor 


Power of Airplane Engines 
By Archibald Black 


Several formulae are in use at present for the approximi 
calculation of brake horsepower of gasoline engines but, wil 
the exception of the old “ plan” formula of the steam ay 
neers, none of them would appear to be of any value wha 
applied to airplane engines. Then, of course, with the “ pla’ 
formula it is necessary to assume a mean effective pressi% 
which is not the actual mean effective pressure, anyhow, as tt 
figure used must be modified to give the result in brake hon 
power. 

The formulae of the American Power Boat Association ti 
into consideration most of the factors directly and cover 
others by means of constants dependent upon the type 
engine, two or four eyele. These formulae, which, it wil ® 
noted, are based on the “ plan ” formula, are: 

B = bore in inches; S = stroke in inches; NV = 
cylinders; R number of r.p.m. 


number é 


B.h.p. (two eyele) 72.000 B.h.p. (four eyele) 16.00 


In the form given these are of no value in estimating hor 
power of airplane engines, but it would appear that modil 
tions could be made in the constants, which would econté 
these formulae into a form in which they could be apple 
with approximate accuracy to this type of engine. 

With this object in view constants were calculated in 
the performances of nine of the leading American engines 
the results averaged. None of the data on these engine! 
given on account of possible objections to publication at® 
time. These results give an average constant of 10,39 # 
show variations within limits of 15 per cent above and 74F 
cent below this average. 

It would therefore appear that the brake horse power of 
plane engines is given with approximate accuracy by the fa 
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Detail Drawings of an Austrian Albatros Biplane 
n Fie Hansa-Brandenburg Type, 200 HP. Warchalowski Engine 
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International Aircraft Standards 


The International Aircraft Standards Board, which since 
the end of July has been holding meetings at the Bureau of 
Standards, Washington, D. C., for the purpose of standard- 
izing aircraft material specification for purchases of the Allied 
Governments in this country, has commenced to issue the “ In- 
ternational Aircraft Standards” that have been adopted. 
This Board, of which Frank G. Diffin is chairman and Dr. P. 
D. Merica is secretary, is also composed of representatives 


of the aircraft departments of Great 


Classification of International Aircraft Stand- 
ards—Serial Numbers of I. A. S. B. 
Specifications 
The specifications receive serial numbers 
according to the following classification : 
Series 1. Covers general inspection and 
testing instructions. 
Series 2. Covers raw 
ingot metals, ete. 
Series 3. Covers fabricated material, such 
as bars, castings, etc. 
Series 4. Covers fabricated parts, such as 
turnbuckles, ferrules, fittings, ete. 
Series 2 and 3 will be further sub- 
divided according to the type of material: 
2F. Fabrics and dope. 
2N. Nonferrous metals. 
20. Oil and gasoline. 
28. Steel and iron. 
2V. Varnish and glue. 
2W. Wood. 
Series 4 is subdivided as follows: 
44. Accessories. 
4E. Engine. 
41. Instruments. 
4P. Plane, frame, etc. 


materials, wood, 


1L1—List of Specifications 

List of specifications. 

General specifications for the test- 
ing and inspection of metallic ma- 
terials. 
1A1. Methods of chemical analysis. 

281. Chemical compositions of steels. 
2N1. Ingot aluminum. 


111, 
1G1. 


2N2. Ingot copper. 

2N3. Spelter. 

381. Carbon steel for case-hardening. 

382. Medium carbon steel bars and bil- 
lets. 


383. Alloy steel bars and billets, 100,000 
lbs. per sq. in. tensile strength. 

3884. Alloy steel bars and billets, 125,000 

lbs. per sq. in. tensile strength. 

Alloy steel bars and billets, 150,000 

Ibs. per sq. in. tensile strength. 

886. Alloy steel bars and billets, 175,000 
Ibs. per sq. in. tensile strength. 

887. Alloy steel bars and billets, 200,000 
lbs. per sq. in. tensile strength. 

388. Alloy steel bars and billets, 225,000 
lbs. per sq. in. tensile strength. 

889. Alloy steel bars and billets for case- 
hardening, 170,000 lbs. per sq. in. ten- 
Sile strength. 

3810. Alloy steel bars and billets for 
case-hardening, 190,000 Ibs. per sq. in. 
tensile strength. 


385. 


3811. Tolerance on steel bars. 

3812, High-strength steel wire. 

8813. 19 non-flexible steel-wire cable. 

3814. 7 by 7 non-flexible steel-wire cable. 

8815. 7 by 19 extra-flexible steel-wire 
sable. 

3816. Wire for acetylene welding. 

3817. Wire for electric welding. 


Nl. Gun-metal castings. 


3N2. Manganese bronze castings. 

3N3. Phosphor bronze castings. 

3N4. Naval brass or equivalent alloy 
__ bars, 

3N5. Naval brass or equivalent alloy 
sheet. 


fications. 
Britain (Canada), 
3N6. Sheet brass. 
3N7. Brass tubes. 
3N8. Sheet copper. 
3N9. Phosphor bronze strip. 
3N10. Babbitt metal. 
3N11. Aluminum alloy castings. 
3N12. Sheet aluminum. 
4P1. Turnbuckles. 
4P2. Ferrules and thimbles. 


1G1—General Specifications for the Testing 
and Inspection of Metallic Materials 

GENERAL—1. These specifications will 
form part of all individual specifications 
for metallic materials. 

MATERIAL—2. (@) An analysis of each 
lot of material and of each heat of steel 
furnished to this specification shall be 
made by the manufacturer. The chemical 
composition thus determined shall be re- 
ported to the purchaser and the Govern- 
ment inspector, and shall conform to the 
requirements of the specification. 

(b) In the case of submission of lots 
of material of which the heat or identifi- 
cation marks are lacking or doubtful the 
manufacturer will be required to furnish 
analyses of a sufficient number of the ar- 
ticles submitted to satisfy the inspector of 
the uniformity of the lot. 

(c) An analysis may be made by the 
purchaser or Government inspector from a 


tube, sheet, bar, or test bar or casting 
representing each lot of material sub- 
mitted, and the chemical analysis thus 


determined shall conform to the require- 
ments specified. If the analysis of any 
one article does not conform to the re- 
quirements specified, analyses of two ad- 
ditional articles of the same lot shall be 
made, unless otherwise noted, each of 
which shall conform to the requirements 
specified. 

(d) The methods for chemical analysis 
shall be those of the I. A. S. B. 

(e) The weight of sample taken for 
analysis shall be not less than 120g., and 
the sample shall be clean, free from rust, 
oxide, and extraneous matter, and is to 
be taken with a slow-speed tool. 

(f) Drillings for analysis of bars, bil- 
lets, or other regular shapes shall be taken 
parallel to the axis at any point midway 
between the center and surface. 

(7) Drillings for analysis may be taken 


from broken tension or bend test speci- 
mens when physical requirements are 
specified. 


(h) Wire, tubing, sheets, and rods less 
than 1% in. (81.75 mm.) in thickness, 
shall be sampled through or across the 
entire section. 

(i) In ease of suspected segregation 
(steel), a sample may be taken from a 
point on the axis and analyzed; the per- 
centage of no element may exceed at this 
point by more than 15 per cent that speci- 
fied. 

(j) In order to obtain evidence of pos- 
sible unsoundness and piping, sample bars 
of steel may be nicked and broken for ex- 
amination of fracture. 

(k) Drillings or cuttings for the analy- 


387 


France and Italy, and of the Signal Corps of the Army and 
the Bureau of Construction of the Navy of the United States. 

It has endeavored to standardize the materials entering into 
aireraft construction in such a manner as to conform with 
American manufacturing practice as far as possible and at 
the same time to be of the greatest service to our Allies mak- 
ing purchases in this country. 
English and metrie systems are used throughout these speci- 


It will be noted that both the 


The specifications that are now available follow: 


sis of irregularly shaped pieces (steel), 
for which no physical requirements are 
specified, shall be taken from both the 
thickest and the thinnest sections. Sur- 
face drillings shall be discarded. 

MANUFACTURE—3. (@) The materials 
shall be manufactured according to the 
best current practice. 

(0) Steel shall be manufactured or at 
least finished by the open-hearth, electric- 
furnace, or crucible process unless other- 
wise noted. 

(c) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 

(d) The billets from which bars or 
forgings are made are to be rough turned 
or chipped to remove all surface defects 
which might produce seams in the finished 
bar or forging. No undercutting in chip- 
ping will be allowed. 

Heat Treatment.—(e) The manufac- 
turer shall state the heat treatment rec- 
ommended to give the physical properties 
specified for all steels which are to be 
used in the heat-treated condition. 

WORKMANSHIP AND FINISH —4. (@) 
The articles must be finished in a work- 
manlike manner and must be free from 
flaws, surface and other defects to which 
they are subject. 

(b) Any article may be rejected because 
of injurious defects or faults in manufac- 
ture at any time, notwithstanding that it 
has previously passed the physical and 
chemical tests; it shall be returned to the 
manufacturer at the latter’s expense. 
This clause shall not be taken to apply to 
materials fabricated after export. 

PHYSICAL PROPERTIES AND TESTS.—(@) 
Physical tests shall be carried out on test- 
ing machines of standard make, which are 
to be kept in good working condition. The 
manufacturer must satisfy the inspector 
that the testing machines are at all times 
properly calibrated. 

Tensile Test—(b) To determine wheth- 
er a specimen has a yield point equal to 
or greater than that specified the proce- 
dure shall be as follows: A line shall be 
scribed on the test piece with a punch 
mark as center, and with a radius of 
about 2 in. (50.8 mm.) when possible; the 
specified load shall then be applied, re- 
moved, and a second line scribed with the 
same radius and the same center; if two 
lines are then seen on the test piece, in- 
dicating that permanent elongation has 
occurred, it shall be considered that the 
specimen has not passed the yield-point 
test. If the manufacturer desires, the 
yield point may be determined by an ap- 
proved autographic or extensometer 
method. 

(c) The elastic or the proportional limit, 
when called for, shall be determined with 
an extensometer reading to at least 0.002 
in. (0.05 mm.). It shall be attached to 
the specimen at the gage marks and not 
to the shoulders of the specimen nor to 
any part of the testing machine. The elas- 
tic limit is defined as the greatest load 
per unit of original cross section which 
does not produce a permanent set. The 
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proportional limit is the load per unit of 
original cross-section at which the de- 
formation ceases to be proportional to the 
load. 

Bend Test—(d) The specimens shall 
be bent cold in the bend test. 

(e) (Bars). Bars will be bent around 
a pin of radius equal to the bar diameter 
or thickness until the sides are parallel; 
unless otherwise noted the bar must with- 
stand such bending without developing 
cracks or signs of failure. 

(f) (Sheets). The test comprises two 
distinct operations, both of which are per- 
formed by the use of a press, or, in the 
absence of this, by using a knife-edge and 
hammer. First, the strip is placed in posi- 
tion AB (Fig. 2a) on block having a V- 
shaped groove. The knife-edge is placed 
as shown and pressure ‘is applied by means 
of either press or hammer until the test 
specimen assumes the shape A’MB’. Af- 
fter this block is removed the bending is 
finished as indicated in Fig. 2b, with or 
without the interposition of a spacer. The 
spread of the ends of the test piece varies 
with the quality and thickness of the 
sheets. The specimens must be bent as 
indicated without breaking and after test 
shall not show hair lines, cracks, or other 
defects. 

Impact Test.—(g) Impact tests shall be 
carried out with an impact testing ma- 
chine of the pendulum type. 

Brinell Hardness Test.—(h) The hard- 
ness test shall be made with a 10-milli- 
meter diameter ball, using a pressure of 
3,000 kgs. for steel and one of 500 kgs. 
for softer metals. This pressure shall be 
applied for 30 seconds. 

Test Specimens.—(i) Tension, bend, and 
impact test specimens shall be taken from 
the rolled or forged material, except that 
in the case of irregularly shaped forgings 
they may be taken from a full-sized pro- 
longation. Specimens shall not be an- 
nealed or otherwise treated, except as pro- 
vided in the individual specifications. 

(j) Tension, bend, and impact test 
specimens for rolled material which is to 
be annealed or otherwise treated before 
use shall be cut from properly annealed 
or similarly treated short lengths of the 
full section of the piece and for forged 
material from the treated forgings. 

(k)The axis of tension, bend, and im- 
pact test specimens for rolled bars and 
forgings of uniform cross-section over 1 
in. (38.10 mm.) in thickness or diameter 
and for forgings of irregular section, when 
practicable, shall be located at a _ point 
midway between the center and surface 
when solid and at any point between the 
inner and outer surfaces of the wall when 
bored and shall be parallel to the axis 
of the piece in the direction in which the 
metal is drawn. 

(lt) Tension test for specimens for bars 
shall conform to the dimensions shown in 
Fig. 1. The ends shall be of a form to 
fit the holders of the testing machine in 
such a way that the load shall be axial: 
test specimens representing heat-treated 
or brittle materials shall have threaded 
ends or ends so made as to permit of test 


ing material, using a_ ball-and-socket 
chuck. 
(m) Tension and bend test specimens 


for plates, sheets, and shapes shall be 
of the full thickness of material as rolled. 
Tensile-test specimens for sheets or plates 
shall be machined to the form and dimen- 


sions shown in Fig. 4. Bend-test speci- 
mens for sheets shall have a_ width 
of 1.5 in. (38.10 mm.) and a minimum 


length of 8 in. (203.2 mm.). Test speci- 
mens shall not be hammered in order to 
straighten them, nor may they be tem- 
pered, annealed, or otherwise treated un- 
less specifically noted. Impact-test speci- 
mens are to be rectangular in section and 
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They are 
the sketch, 


side. 
in 


notched 
the form 
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shown 


shall be 
to have 
Fig. 3. 

SELECTION OF TEST SPECIMENS—6. A 
sufficient number of test specimens will 
be selected by the inspector from each lot 
of material submitted to satisfy him of 
the quality of the material. If any test 
specimen shows defective machining or 
develops flaws, it may be discarded; in 
which case the manufacturer and the pur- 
chaser or his representative shall agree 
upon the selection of another specimen in 
its stead. 

MARKING AND IDENTIFICATION—7. (@) 
It shall be the duty of the manufacturer 
to provide that manufacturing identifica- 
tion marks, such as heat numbers, shall 
be readily available at the time of inspec- 
tion of the finished material to the in- 
spector, and further that materials shall 
be grouped when possible by heat or melt 
numbers. 

(6) It shall be the duty of the manu- 
facturer to stamp individual large articles 
such as billets, forgings, or castings, with 
the heat or other identification number: 
smaller articles may similarly be bundled 
or grouped under the proper identification 
number or mark. 

INSPECTION AND REJECTION—S. (a) The 
inspector representing the purchaser shall 
have free entry, at all times while work 
on the contract of the purchaser is being 
performed, to all parts of the manufac- 
turers’ works which concern the manufac- 
ture of the material ordered. The manu- 
facturer shall afford the inspector, free of 
cost, all reasonable facilities to satisfy 
him that the material is being furnished 
in accordance with these specifications. 
Tests and inspection at the place of man- 
ufacture shall be made prior to shipment. 

(b) The purchaser may make the tests 
to govern the acceptance or rejection of 
the material in his own laboratory or else- 
where as a check upon the results ob- 
tained by the manufacturer, or in case 





, , } . 31. I. A. S. B. STANDARD TENSILE Test 
> ‘ i as > PAccary > s , 
the latter has not the necessary equip SPECIMEN FoR BARS 
Dimensions. 
Cross 
Diameter of Bars section a b c d 


over gage 


length. Diameter Gage 
over gage length 
length. 

Square inch Inch. Inch. Inches. Inches 
Over five-eighths inch 0.20 Not over 1 0.505 2.00 2.3 
One-half to five-eighths inch .10 Not over 1 358 1.42 1.7 
Three-eighths to one-half inch .05 Not over 1 . 252 1.01 1.3 
One-fourth to three-eighths inch .02 Not over 1 .159 . 64 1.0 
Suuare mil- Millime- Millime- Milly 
limeters Millimeters. ters. ters. meters. 
Over 15.88 millimeters 129.0 Not over 25.4 12.83 50.80 57.15 
12.70 to 15.88 millimeters 64.5 Not over 25.4 9.09 36.07 44.45 
9.53 to 12.70 millimeters 32.3 Not over 25.4 6.40 25.65 31.75 
6.35 to 9.53 millimeters 12.9 Not over 25.4 4.04 16.26 25.40 


Test specimens may be tapered inside gage | 
to exceed 0.003 in. (0.08 mm.) Diameter at 
This will cause fracture near the center of the 

The test specimen will be either threaded 
method of chucking used. 





ment. Such tests, however, shall be made 
at the expense of the purchaser. 

Rejection.—(d) Unless otherwise speci- 
fied, any rejection based on tests made 
in accordance with paragraph 8b, shall 
be reported within ten working days from 
the receipt of samples. 

Rehearing.—(e) Samples tested in ac- 
cordance with paragraph 8b, which repre- 
sents rejected material, shall be pre- 
served for one month from the date of the 
test report. In case of dissatisfaction 
with the results of the tests, the manu- 


(end A) 
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facturer may make claim for a rehearing 
within that time. 

(f) All material rejected by the inspee 
tor shall bear the letters R A. 

SALVAGE.—9. (a) The manufacturer 
shall hold at his factory, subject to the 
decision of the salvage board, for q period 
of not exceeding twenty days from date 
of the test report, all rejected materia), 

(b) Material held up and accepted by 
the salvage board shall be marked and 
shipped as directed by said board, and jj 
presence of the Government  inspectg 
who shall seal the same with his official 
seal. 

(c) The manufacturer shall suffer yp 
reduction in price in consequence of the 
submission of material to or acceptance of 
said material by the salvage board. Itis 
clearly understood, however, that ingpe. 
tion and acceptance at the factory by 4 
representative of the purchasing Goyer. 
ment, or salvage board, will not relieye 
the manufacturer from the responsibility 
of furnishing material of known proper: 
ties and good workmanship, and if it js 
found on arrival at destination that suq 
is not the case, the material shall be me 
turned at the expense of the manufacturer 
and replaced with other material ep 
forming to the specifications in every re 
spect. Such replacement shall not be sub 
ject to the action of the salvage board, 
The recurrence of such a case shall cop 
stitute cause for cancellation of unfilled 
orders and for a recommendation against 
placing further business with said mam 
facturer. 
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B. STANDARD Impact TEST 
SPECIMEN 


fu. 3. 1. A. S. 





The faces are to be true and parallel. 

The base of the notch is to be of uniform 
depth and perpendicular to the long axis of the 
specimen. : ; 

For unheat-treated material the notch is to 
be drilled and slotted. For heat-treated ma- 
terial the notch may be ground or milled. 
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I. A. S. B. STANDARD TENSILE TEST 
SPECIMEN FOR SHEETS 


Fis. 4. 








Test specimens in accordance with the above 
sketch shall apply to sheet one-fifth inch (5.08 
mm.) (No. 6 U. 8S. standard gage) and up in 
thickness. Below one-fifth inch (5.08 mm.) in 
thickness w and d shall be one-half inch (12.70 








mm.), h % inch (12.70 mm.), and wn 1 in. 
(25.40 mm.). The percentage of elongation 





may be determined on either 2 or 4 in. (50.80 
mm. or 101.60 mm.) 

Soft materials of light gage are apt to fail 
in detail under the pin. Specimens rep- 
resenting these materials may be gripped in 








the jaws of the testing machine. Drilling is 
omitted. 

The specimens may be reduced in width by 
not more than 0.003 in. (0.08 mm.) over the 
eenter half of the gage length in order that 







fracture may occur there. 









281—Chemical Compositions of Steels 





[The steels shal] designated by serial 


number.] 







The steels shall conform to the require- 
ments as to chemical composition speci- 
fied in the accompanying tables. 

An analysis of each melt of steel shall 
be made by the manufacturer to deter- 
mine the percentages of the elements 
specified. The chemical composition thus 
determined shall be reported to the pur- 
chaser or his representative and_ shall 
conform to the requirements specified. 

When electric or crucible furnace steel 
is specified in the order, the maximum 
allowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.03 per cent. 

The system of numbering of the steels is 
the same as that of the Society of Auto- 




















Phosphorus, 


Sulphur, 

















Number Carbon Manganese maximum maximum Nickel Chromium 
_ ae 0.15-0.25 0.30-0.60 0.040 0.045 1.00-1.50 0.45-0.75 
3130. . 25- .35 .50— .80 .040 045 1.00-1.50 .45- .75 
-. =e .30— .40 .50— .80 .040 .045 1.00-1.50 .45- .75 
3140 .do- .45 .50- .80 .040 045 1.00-1.50 .45- .75 
3215 10— .20 30- .60 .040 .045 1.50-2.00 .90-1.25 
3230 .25-. 35 30— .60 .040 .045 1.50-2.00 .90-1.25 
3240. .35- .45 .30-— .60 .040 .045 1.50-2.00 .90-1.25 
X3315.. .10- .20 .30-— .60 040 045 .25 .70— .95 
X3330. . .25- .35 .45- .75 .040 .045 25 .70— .95 
X3340.. .35- .45 45- .75 .040 .045 25 .70— .95 
3315. -10- .20 .30— .60 .040 .045 3.25-3.75 1.25-1.75 
ar 25- .35 .30-— .60 .040 045 3.25-3.75 1.25-1.75 
3340. . 35- .45 .30- .60 .040 .045 3.25-3.75 1.25-1.75 
X3340 35-45 .30-— .60 .040 .045 4.00-5.00 1.00-1.50 

CHROMIUM STEELS 
Phosphorus, Sulphur, : ; 

Number Carbon Manganese maximum maximum Nickel Chromium 

51100. . 0.95-1.10 0.20-0.45 0.030 0.030 None 1.30-1.50 





CHROMIUM-VANADIUM STEELS 














Phosphorus, Sulphur, Vanadium, 

Number Carbon Manganese maximum maximum Chromium mimnium 
sae 0.15-0.25 0.30-0.60 0.040 0.045 0.60-0.90 0.1 
25- .35 .50-— .80 .040 .045 .80-1.10 .15 
35- .45 .50- .80 .040 .045 .80-1.10 .15 
|) | 45- .55 50- .80 .040 .045 .80-1.10 .15 

TUNGSTEN STEELS 
Manganese, Phosphorus, Sulphur, 

Number Carbon maximum maximum maximum Chromium Tungsten 
Ww60 0.50-0.70 0.30 0.035 0.035 3.00-4.00 13.00-15.00 
W60a 50- .70 30 .035 .035 3.00-4.00 16 .00-18.00 
W60b. 50- .70 30 035 035 .50-1.00 1.50 -2.00 





motive Engineers, but the composition is 
not always identical. 


3S1—Specifications for Carbon Steel Bars 


and Billets for Case-Hardening 
GENERAL.—1. The general specifications, 
1G1, shall form, according to their ap- 
plicability, a part of these specifications. 


MATERIAL.—2. The material for these 
bars shall be chosen from among the 
standard I. A. S. B. steels listed below. 


The composition chosen shall be stated by 
the manufacturer or contractor; it shall 
be further limited as follows: Carbon, 
not over 0.25 per cent. 

MANUFACTURE.—3. (@) The steel shall 
be manufactured, or at least finished, by 
the open-hearth, electric furnace, or cru- 
cible process. 

(b) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 

(c) The billets from which the bars are 
made are to be rough turned or chipped 












CARBON STEELS 













































7 Phosphorus, Sulphur 7 
Number Carbon Manganese maximum maximum Nickel Chromium 
1010....... 0.05-0.15 0.30-0.60 0.045 0.050 ceitelaa | O° ee 
 «aet .10- .20 .30- .60 .045 Rtn,  titsnmis. ” i cepeaneee 
1020. . .15- .25 :30- .60 045 ee ccc © eee tees 
1025... . 20- :30 "5C- 180 1045 Re ee at «eee 
1030... 125-135 '50- /80 "045 ee" sccecctiy A. ., Sapam 
M85....... .30- .40 '50- ‘80 045 eT coe tn, Pena 
See 40- .50 -50- .80 045 TE F< esauieaa. ' « se eaten 
1050......, .45- .55 .50-— .80 .045 Me”. Cadac 
1065....... .60- .70 .50- .70 .040 ME. 9. gekeeetea” > « "Shometeream 
ae 65- .75 .50- .70 040 WS) —hateaihace™ 2 UO aaa. 
a 75- .90 25- .50 .040 ee 
1095... .. 90-105 25- _50 040 045 
NICKEL STEELS 
a 
z Phosphorus, Sulphur, 
Number Carbon Manganese maximum maximum Nickel Chromium 
2015....... 0.10-0.20 0.30-0.60 0.040 045 Renee -— «suac bees 
2320... -20- .30 -30- .60 .040 045 eS Seat ey 
2325 tt erees 20-. .30 .50- .80 .040 .045 oO Se eee 
2330... 2... 25~ 35 50- |80 "040 "045 op © FRI pee 
2335... . 30- .40 50- .80 .040 .045 3. 











tu remove all surface defects which might 
produce seams in the finished bar. No 
undercutting in chipping will be allowed. 
(d@) The steel manufacturer shall state 
the heat treatment recommended for case 
hardening this steel, and to give the 
physical properties specified. 
WoRKMANSHIP AND FINISH.—4. (@) 
The bars are to be sound, commercially 
straight, free from pipes, laps, cracks, 
twists, seams, voids, and damaged ends, 
and are to have a workmanlike finish. 
They are to be uniform in quality, within 


the stipulated margins of manufacture, 
capable of being turned and threaded 


readily, and of taking a good finish. 

(b) Any article may be rejected because 
of injurious defects or faults in manu- 
facture at any time, notwithstanding that 
it has previously passed the physical and 
chemical tests; it shall be returned to the 
manufacturer at the latter’s expense, 
This clause shall not be taken to apply to 
materials fabricated after export. 

PHYSICAL PROPERTIES AND TeEstTs — 5, 
The bars shall have the following physical 
properties : 

Tensile 
strength, 


Test—(a) Minimum tensile 
70,000 Ibs. per sq. in. (49.21 
kg./sq. mm.). Minimum yield point, 45,- 
000 Ibs. per sq. in. (31.64 kg./sq. mm.). 
Minimum yield point, 45,000 lb. per sq. in. 
(31.64 kg./sq. mm.). Minimum elonga- 
tion in 2 in. (50.8 mm.), or proportional 
gage length, 20 per cent. 

Hardness.—(b) After carbonizing, hard- 
ening, and tempering, the case must show 
a minimum Shore Scleroscope hardness 
number of 75. 

Impact.—(c) In all cases in which im- 
pact testing machines of the pendulum 
type are available, tests will be carried out 
to determine the specific impact work of 
rupture of the core in foot-pounds (or 
kilogram-meters). Results markedly lower 
than the average for this type of material 
will be sufficient cause for further inves- 
tigation (or reheat treatment) of the ma- 
terial. 
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SELECTION OF TEST SPECIMENS—6. Three 
bars of each size rolled from a heat shall 
be taken and test pieces prepared in ac- 
cordance with the I. A. S. B. standards. 
Each test piece and the bar from which 
it is cut shall be stamped with an identi- 


fying number. Should any of the test 
pieces after being heat treated in the 


manner recommended by the steel manu- 
facturer fail to show the prescribed phys- 
ical properties, new test pieces similarly 
identified shall be made from the same 
three bars. At the option of the pur- 
chaser the steel manufacturer may rec- 
ommend a different heat treatment for 
the second set of test specimens and to 
that end he may make such tests as he 
desires from the remainder of the three 
bars taken for the tests. Should any of 
the three specimens taken for the final 
tests fail to show the required physical 
properties, the bars of that heat of the 


size represented by the specimens shall 
be rejected. 
DIMENSIONS AND TOLERANCES—7. The 


dimensions and tolerances shall be those 
given by the specifications 3811. 

DELIVERY, PACKING AND SHIPPING—S. 
(a) The bars may be delivered in the an- 
nealed or in the heat-treated condition. 

(b) The bars shall in general be 
grouped in bundles weighing not more 
than 250 Ibs. (113.4 kg.), unless other- 
wise agreed between manufacturer and 
purchaser; the heat and the I. A. S. B. 
steel serial number shall be plainly 
marked on a metal tag attached to each 
bundle.. If bars are not so grouped and 
bundled, each bar shall be plainly marked 
with the heat number and the I. A. S. B. 
steel and serial number. 


Compositions of 


Number. 


When electric or crucible furnace steel 
is specified in the order, the maximum 
allowable percentage of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.03 per cent. 


3S2—Specifications for Medium Carbon Steel 
Bars and Billets 

GENERAL—1. The general specifications, 
1G1, shall form, according to their appli- 
eability, a part of these specifications. 

Materratr—2. The I. A. 8S. B. standard 
steel No. 1035 shall be used; its composi- 
tion is as follows: Carbon, 0.30-0.40; man- 
ganese, 0.50-0.80; phosphorus, maximum, 
0.045; sulphur, maximum, 0.050. 

When electric or crucible furnace steel 
is specified in the order, the maximum al- 
lowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.08 per cent. 

MANUFACTURE—3. (@) The steel shall 
be manufactured, or, at least finished by 
the open-hearth, electric furnace, or cru- 
cible process. 

(b) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 

(c) The billets from which the bars are 
made are to be rough turned or chipped 
to remove all surface defects which might 
produce seams in the finished bar or forg- 
ing. No undercutting in chipping will be 
allowed. 

Heat Treatment.—(d) The manufac- 
turer shall state the heat treatment rec- 
ommended to give physical properties 
specified. 
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(e) If the bars are delivered in the 
heat-treated condition, and the physical 
tests show that the heat treatment has not 
been correct, the bars may be retreated at 
the option of the purchaser. 

WORKMANSHIP AND FIntIsH—. (a) 
The bars are to be sound, commercially 


straight, free from pipes, laps, cracks, 
twists, seams, voids, and damaged ends 
and are to have a workmanlike finish. 


They are to be uniform in quality, within 
the stipulated margins of manufacture, 
capable of being turned and _ threaded 
readily and of taking a good finish. 

(b) Any article may be rejected be- 
eause of injurious defects or faults in 
manufacture at any time, notwithstanding 
that it has previously passed the physical 


and chemical tests; it shall be returned 
to the manufacturer at the latter’s ex- 
pense. This clause shall not be taken to 


apply to materials fabricated after export. 
PHYSICAL PROPERTIES AND TESTS—5. 
The bars shall have the following physical 
properties, 
Tensile Test.—(a) Minimum tensile 
strength, 80,000 Ibs. per sq. in. (56.24 kgs. 


per sq. mm.); minimum yield point, 60, 
000 Ibs. per sq. in. (42.18 kgs. per sq. 
mm); minimum elongation in 2 in. (50.8 
mm.) or proportional gage length, 22 per 
cent; minimum reduction of area, 45 per 
cent, 


Impact Test.—(b) In all cases in which 
impact testing machines of the pendulum 
type are available, may be carried 
out to determine the specific impact work 
of rupture in foot-pounds (or kilogram- 
meters). Results markedly lower than 
the average for this type of material will 
be sufficient cause for further investiga- 


tests 





Standard Steels. 


Phosphorus, Sulphur, 

Carbon. Manganese. Maximum. maximum. 
0.05-0.15 0.30-0.60 0.045 0.050 
10— .20 30 60 045 050 
15—- .25 30 60 045 050 


tion (or reheat treatment) of the 
terial. 

SELECTION OF TEST SPECIMENS.—6, Three 
bars of each size rolled from a heat shall 
be taken and test pieces prepared in ac- 
cordance with the I. A. 8S. B. standards. 
Each test piece and the bar from which 
it is cut shall be stamped with an identi- 


Ina 


fying number. Should any of the test 
pieces, after being heat treated in the 


manner recommended by the steel manu- 
facturer, fail to show the prescribed phys- 
ical properties, new test pieces similarly 
identified shall be made from the same 
three bars. At the option of the pur- 
chaser the steel manufacturer may pre- 
scribe a different heat treatment for the 
second set of test specimens, and to that 
end he may make such tests as he desires 
from the remainder of the three bars 
taken for the tests. Should any of the 
three specimens taken for the final tests 
fail to show the required physical proper- 
ties, the bars of that heat of the size 
represented by the specimens shall be re- 
jected. Where bars are purchased in the 
heat-treated condition, test specimens 
shall be cut from the heat-treated bar. 

DIMENSIONS AND TOLERANCES.—7. The 
dimensions and tolerances shall be those 
given in the specification 3811. 

DELIVERY, PACKING AND SHIPPING.—8. 
(a) The bars may be delivered in the an- 
nealed or in the heat-treated condition. 

(b) The bars shall, in general, be 
grouped in bundles weighing not more 
than 250 Ib. (113.4 kg.), unless otherwise 
agreed between manufacturer and pur- 
chaser. The heat and the I. A. S. B. steel 
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serial numbers shall be plainly marked 
on a metal tag attached to each bundle 
If bars are not so grouped and bund] 
each bar shall be plainly marked with the 
heat number and the I. A. 8S. B. stee} and 
serial number. 
3S3—Specifications for Alloy Steel Bars ang 
Billets 
(100,000 Lb. Per Sq. In. Tensile Strength) 
GENERAL,.—1. The general specifica. 
tions, 1G1, shall form, according to their 
applicability, a part of these specifications, 
MATERIAL.—2, The material for theg 





bars shall be chosen from among the 
I. A. S. B. standard alloy steels listeg 
below. The composition chosen shall be 


stated by the manufacturer or contractor, 
and is further limited as follows: (gp. 
bon, not over 0.35 per cent. 

MANUFACTURE.—3. (@) The steel shall 
be manufactured or at least finished by 
the open-hearth electric furnace or crud 
ble process. 

(b) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 











(c) The billets from which the bars 
are made are to be rough turned @ 
chipped to remove all surface defects 





which might produce seams in the finished 
bar. No undercutting in chipping will be 
allowed, 

Heat Treatment.—(d) The steel manv- 
facturer shall state the heat treatment 
recommended to give the physical prop 
erties specified. 

(e) If the bars are furnished in the 
heat-treated condition and the _ physical 
tests show that the heat treatment has 
not been correct, the bars may be re 
treated at the option of the purchaser. 

WORKMANSHIP AND FINISH.—4. _  {¥) 
The bars are to be sound, commercially 
straight, free from pipes, laps, cracks, 
twists, seams, and damaged ends, and are 
to have a workmanlike finish. They are 
to be uniform in quality, within the stip 
lated margins of manufacture, capable of 
being turned and threaded readily, and 
of taking a good finish. 

(b) Any article may be rejected because 
of injurious defects or faults in manufac 
ture at any time, notwithstanding that it 
has previously passed the physical and 
chemical tests; it shall be returned to the 
manufacturer at the latter’s expense. This 
clause shall not be taken to apply to ma 
terials fabricated after export. 

PHYSICAL PROPERTIES AND TESTS.—. 
(a) The bars shall have the following 
physical properties: 






























Tensile Test—(b) Minimum tensile 
strength, 100,000 Ib. per sq. in. (7020 





kg./mm.?); minimum yield point, 80,00 
lb. per sq. in. (56.24 kg./mm.*) ; minh 
mum elongation in 2 in. (50.8 mm.) (@ 
proportional gage length), 20 per cent; 
minimum reduction of area, 50 per cent. 
Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail- 
able tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram-meé 
ters). Results markedly lower than fh 
average, for this type of material will 
sufficient cause for further investigatia 
(or reheat treatment) of the material. 
Selection of Test Specimens.—(d) Three 
bars of each size rolled from a heat shall 
be taken and test pieces prepared in at 
cordance with the I. A. S. B. standards 
Each test piece and the bar from which 
is cut shall be stamped with an identifying 
number. Should any of the test pieces 
after being heat treated in the manne 
recommended by the steel manufacture, 
fail to show the prescribed physical pror 
erties, new test pieces similarly ident 
shall be made from the same three bat® 
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At the option of the purchaser the steel 
manufacturer may recommend a different 
heat treatment for the second set of test 
specimens, and to that end he may make 
such tests as he desires from the re- 
mainder of the three bars taken for the 
tests. Should any of the three specimens 
taken for the final tests fail to show the 
required physical properties, the bars of 
that heat of the size represented by the 
specimens shall be rejected. When bars 
are purchased in the heat-treated condi- 
tion, test specimens shall be cut from the 
peat-treated bar. 

DIMENSIONS AND TOLERANCES.—6. The 
dimensions and tolerances shall be those 
given in the Specification 3811. 

DELIVERY, PACKING AND SHIPPING.—7. 
(a) The bars may be delivered in the an- 
nealed or in the heat-treated condition. 

(b) The bars shall in general be 
grouped in bundles weighing not more 
than 250 Ib. (113.4 kg.), unless otherwise 
agreed between manufacturer and pur- 
chaser. The heat number and the I. A. 
§, B. steel serial number shall be plainly 
marked on a metal tag attached to each 
pundle. If bars are not so grouped and 
bundled, each bar shall be plainly marked 
with the heat number and the I. A. S. B. 
steel serial number. 


AVIATION 


free from scale and pits; rusty and 
scraped wire will not be accepted. 

PHYSICAL PROPERTIES AND TrEests.—4. A 
dead soft wire is not desired. In order to 
detect wire of this kind, one to three 
samples shall be selected from each 10,000 
(4,536 kg.) or less submitted for inspec- 
tion, and a test made for elongation on a 
gage length of 10 in. (254 mm.). When 
two or more samples show an elongation 
greater than 5 per cent the wire shall be 
rejected. 

DIMENSIONS AND TOLERANCES.—5. (@) 
All wire for this purpose shall have the 
size specified on orders in decimal parts 
of an inch (or millimeter). The wire 
shall be supplied, inspected and reported 
in the same manner. 

(b) Great accuracy in gage is not nec- 
essary, but no wire varying more than 3 
per cent plus or minus shall be accepted. 

DELIVERY, PACKING, AND SHIPMENT.—6. 
(a) Steel wire for use in acetylene weld- 
ing shall be furnished in coils or straight- 
ened and cut to lengths as required. 

(6) If not furnished in coils, the wire, 
straightened and cut to 36-in. (914 mm.) 
length, plus or minus 1 in. (25.4 mm.), 
shall be packed in bundles weighing from 
50 to 75 lb. (22.68 kg. to 34.02 kg.) each and 
securely tied with two or more wire bands. 





Chemical composition of standard alloy steels. 





NICKEL STEELS. 





Phosphorus, 
maximum. 
0.30-0.60 0. 

. 80 .040 
.040 


Manganese. 


.50- 
.50- .80 


Sulphur, 
maximum. 
040 0.045 
.045 
0.45 


Chromium. 





NICKEL-CHROMIUM STEELS. 





Phosphorus, 
maximum, 


Manganese, 


0.30-0.60 0. 
.040 


-040 
.040 


.040 
.040 


.30- .60 


.45- .75 


.30- .60 
30- .60 


Sulphur, 
maximum. 
040 0.045 
-045 


.045 


.045 
.045 


.045 
.045 


Chromium. 
0.45-0.75 
.45- .75 


.90-1.25 


.70- .95 
-70- .95 


1.25-1.75 
1.25-1.75 





CHROMIUM VANADIUM STEELS. 





Phosphorus, 

maximum. 
0-0 . 60 0.040 
.80 .040 


Manganese. 
0.3 
.50- 


Carbon. 
0.15-0.25 
.25- .35 


Number. 
6120 
6130 


Vanadium, 
minimum. 
0.15 

.15 


Sulphur, 
maximum. Chromium. 
0.045 0.60-0.90 
.045 .80-1.10 





When electric or crucible furnace steel 
is specified in the order, the maximum al- 
lowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.03 per cent. 


3$l6—Specifications for Iron or Steel Wire 
for Acetylene Welding 


GENERAL.—1. The general specifica- 
tions, 1G1, shall form, according to their 
applicability, a part of these specifica- 
tions. 

Matertat.—2. (a) The material from 
which the wire is manufactured shall be 
made by any approved process “ Genuine 
Norway iron” will be accepted for the 
purpose. 

(b) The iron or steel shall conform to 
the following chemical analysis: Carbon, 
hot more than 0.08 per cent; manganese, 
hot more than 0.15 per cent; sulphur, not 
more than 0.025 per cent; phosphorus, not 
More than 0.02 per cent. 

WorkMANSHIP AND FinisH.—3. The 
surface of the wire shall be smooth and 





(c) All bundles shall be burlapped all 
over for shipment, and shall be marked 
with a metal tag containing the name of 
the manufacturer, the size, length of the 
contents, and the inspection mark. 

INSPECTION AND REJECTION.—7. Inspec- 
tion for gage, finish, and chemical analysis 
shall be made on this wire before cutting 
it into straightened lengths. The wire 
shall then be cut to length, and subse- 
quent optional check inspection may be 
made by the Government inspector at the 
plant of the manufacturer. 


3S4—Specifications for Alloy Steel Bars and 
Billets 

(125,000 Lb. Per Sq. In. Tensile Strength) 

GENERAL.—The general specifications, 
1G1, shall form, according to their appli- 
eability, a part of these specifications. 

MATERIAL.—2, The material for these 
bars shall be chosen from among the I. A. 
S. B. standard alloy steels listed below. 
The composition chosen shall be stated by 


391 


the manufacturer or contractor and is 
further limited as follows: Carbon, not 
over 0.40 per cent. 


MANUFACTURE.—3, (@) The steel shall 
be manufactured or at least finished by 
the open-hearth, electric furnace, or cru- 
cible process. 

(6) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 


(c) The billets from which the bars 
are made are to be rough turned or 
chipped to remove all surface defects 
which might produce seams in the finished 
bar. No undercutting in chipping will be 
allowed. 


Heat Treatment.—(d) The steel manu- 
facturer shall state the heat treatment 
recommended to give the physical prop- 
erties specified. 

(e) If the bars are furnished in the 
heat-treated condition and the physical 
tests show that the heat treatment has not 
been correct, the bars may be re-treated 
at the option of the purchaser. 


WORKMANSHIP AND FINISH... (@) 
The bars are to be sound, commercially 
straight, free from pipes, laps, cracks, 
twists, seams, and damaged ends, and are 
to have a workmanlike finish. They are 
to be uniform in quality, within the stipu- 
lated margins of manufacture, capable of 
being turned and threaded readily and of 
taking a good finish. 


(b) Any article may be rejected be- 
cause of injurious defects or faults in 
manufacture at any time, notwithstanding 
that it has previously passed the physical 
and chemical tests; it shall be returned 
to the manufacturer at the latter’s ex- 
pense. This clause shall not be taken to 
apply to materials fabricated after ex- 
port. 


PHYSICAL PROPERTIES AND TESTS.—5. 
(a) The bars shall have the following 
physical properties : 

Tensile Test—(b) Minimum tensile 
strength, 125,000 lb. per sq. in. (87.88 
kg./mm.?); minimum yield point, 95,000 
lb. per sq. in. (66.79 kg./mm.*) ; minimum 
elongation in 2 in. (50.8 mm.) (or pro- 
portional gage length), 17 per cent; mini- 
mum reduction of area, 50 per cent. 

Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail- 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram-me- 
ters). Results markedly lower than the 
average for this type of material will be 
sufficient cause for further investigation 
(or reheat treatment) of the material. 

Selection of Test Specimens.— (d) 
Three bars of each size rolled from a heat 
shall be taken, and test pieces prepared 
in accordance with the I. A. S. B. stand- 
ards. Each test piece and the bar from 
which it is cut shall be stamped with an 
identifying number. Should any of the 
test pieces, after being heat treated in the 
manner recommended by the steel manu- 
facturer, fail to show the prescribed phys- 
ical properties, new test pieces similarly 
identified shall be made from the same 
three bars. At the option of the pur- 
chaser the steel manufacturer may rec- 
ommend a different heat treatment for 
the second set of test specimens, and to 
that end he may make such tests as he 
desires from the remainder of the three 
bars taken for the test. Should any of 
the three specimens taken for the final 
tests fail to show the required physical 
properties, the bars of that heat of the 
size represented by the specimens shall be 
rejected. When bars are purchased in the 
heat-treated condition, test specimens 
shall be cut from the heat-treated bar. 
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DIMENSIONS AND TOLERANCES.—6. The 
dimensions and tolerances shall be those 
given in the Specification 3811. 

DELIVERY, PACKING AND SHIPPING.—8. 
(a) The bars may be delivered in the an- 
nealed or in the heat-treated condition. 

(b) The bars shall in general be 
grouped in bundles weighing not more 
than 250 Ib. (113.4 kg.), unless otherwise 
agreed between manufacturer and pur- 
chaser. The heat number and the I. A. 
S. B. steel serial number shall be plainly 
marked on a metal tag attached to each 
bundle. If bars are not so grouped and 
bundled, each bar shall be plainly marked 
with the heat number and the I. A. S. B. 
steel serial number. 


AVIATION 


All wire for this purpose shall have the 
size specified on orders in decimal parts 
of an inch (or millimeter). The wire 
shall be supplied, inspected and reported 
in the same manner. 

(b) Great accuracy in gage is not nec- 
essary, but no wire varying more than 3 
per cent plus or minus shall be accepted. 

DEL.VERY, PACKING, AND SHIPPING.—6. 
(a) Steel wire for use in electric weld- 
ing shall be furnished in coils or straight- 
ened and cut to lengths as required. 

(b) If not furnished in coils, the wire, 
straightened and cut to 36-in. (914 mm.) 
lengths, plus or minus 1 in. (25.4 mm.), 
shall be packed in bundles weighing from 
50 to 75 lb. (22.68 kg. to 34.02 kg.) each 





Chemical compositions of standard alloy steels. 





NICKEL STEELS 





Phosphorus, 


Carbon Manganese maxi 
15 .25 0.30— .60 
.20- 50- 
.25-. .0- 
.30- 50- 


80 
80 
80 


.30 
35 
.40 


0.040 
040 
040 
040 


Sulphur, 
maximum 
0.045 
.045 
045 
.045 


mum Chromium 





NICKEL-CHR(¢ 


JMIUM STEELS 





Phosphorus, 
maximum 


Manganese 


Carbon 
5 35 0.80 0 


Number 
25-0. 3: 0.50 
80 


3130 
3135 


o0- 


3230 .30- .60 
60 


io 


X3315 . i 30- 
X3390 2 } 45- 
3315 
3330 


60 
60 


.040 


.040 


.040 


.040 


Sulphur, 

maximum 
0.045 
.045 


Nickel 
1.00—1 
1.00-1 


~-hromium 
45-0.75 


fo 


040 50 
50 .45- 


045 2.00 .90-1.25 
.045 
.045 


040 


{ 
(4 


04 


040 2 
~ 





CHROMIUM VANADIUM STEELS 





Phosphorus, 


Manganese ma 
0.50-0.80 


Carbon 
0.25-0.35 


Number 
6130 


Sulphur, 
maximun Unb! 
0.045 0.80 


xiImun 
040 





When electric erucible furnace is 
specified in the order, the maximum al 
lowable percentages of phosphorus and 
sulphur may, at the option of the pur 
chaser, be limited to 0.05 per cent. 


or 


3S17—Specifications for Steel Wire for 
Electric Welding 

GENERAL.—1. The general  specifica- 
tions, 1G1, shall form, according to their 
applicability, a part of these specifica- 
tions. 

MaTerrat.—2. (a) The material from 
which the wire is manufactured shall be 
made by any approved process. 

(b) The I. A. S. B. standard steel 
1015 shall be used; a carbon content 
from 0.13 to 0.18 per cent is desired. 


WoRKMANSHIP } 


No. 
of 


AND FINISH.—3. (@) 
Electric welding wire shall be of the qual- 
ity and finish known as “ Bright,” 
“Bright Hard,” or “Soft Finish.” 
* Black Annealed ” or “ Bright Annealed ” 
wire shall not be supplied. 

(b) The surface shall be free from 
scale, lime, copper, or other metals. A 
moderate coating of rust or of lubricant 
used in the drawing of the wire is per- 
missible. 

PHYSICAL PROPERTIES AND Tests.—4. A 
dead soft wire is not desired. In order to 
detect wire of this kind, from one to three 
samples shall be selected from each 10,000 
Ib. (4536 kg.) or less submitted for inspec- 
tion, and a test made for elongation (in 
tension) over a gage length of 10 in. (254 
mm.). When two or more samples show 
an elongation greater than 5 per cent the 
wire shall be rejected. 

DIMENSIONS AND TOLERANCES.- 


5. (a) 


and securely tied with two or more wire 
bands. 

All bundles shall be burlapped all 
over for shipment, and shall be marked 
with a metal tag containing the name of 
the manufacturer, the size, length 


contents, and the inspection mark. 


(Cc) 


ol 


INSPECTION AND REJECTION.—7. Inspec 
tion for gage, finish, and chemical analysis 
shall be made on this wire before cutting 
it into straightened lengths. The wire 
shall then be cut to length, and subse- 
quent optional check inspection may be 
made by the Government inspector at the 
plant of the manufacturer. 


385—Specifications for Alloy Steel Bars and 
Billets 


(150,000 Lb. Per Sq. In. Tensile Strength) 


GENERAL.—1. The general specifica- 
tions, 1G1, shall form, according to their 
applicability, a part of these specifica- 
tions. 

MATERIAL.—2. The material for these 
bars shall be chosen from among the I. A. 
S. B. standard alloy steels listed below. 
The composition chosen shall be stated by 
the manufacturer or contractor, and 
further limited as follows: Carbon, 
over 0.45 per cent. 

MANUFACTURE.—3. (a) The steel shall 
be manufactured or at least finished by 
the open-hearth electric furnace, or cru- 
cible process. 

(6) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 

(c) The billets from which the bars are 
made are to be rough turned or chipped 
to remove all surface defects which might 


is 


not 
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produce seams in the finished bar, No 
undercutting in chipping will be allowed, 

Heat Treatment.—(d) The steel many. 
facturer shall state the heat treatment 
recommended to give the physical prop. 
erties specified. 

(e) If the bars are furnished ip the 
heat-treated condition and the physicg 
tests show that the heat treatment ha 
not been correct, the bars may be wm 
treated at the option of the purchaser, 

WORKMANSHIP AND FINISH.—4.  (q) 
The bars are to be sound, commergj 
straight, free from pipes, laps, crack 
twists, seams, and damaged ends, and ap 
to have a workmanlike finish. They ap 
to be uniform in quality, within the Stipv- 
lated margins of manufacture, capable of 
being turned and threaded readily and of 
taking a good finish. 

(b) Any article may be rejected 
cause of injurious defects or faults jy 
manufacture at any time, notwithstan 
that it has previously passed the physic 
and chemical tests; it shall be returne 
to the manufacturer at the latter’s 
pense. This clause shall not be taken tp 
apply to materials fabricated after export, 

PHYSICAL PROPERTIES AND TESTS—j 
(a) The bars shall have the following 
physical properties: 

Tensile Test.—(b) Minimum tensile 
strength, 150,000 lb. per sq. in. (10)4 
kg./mm.*) ; minimum yield point, 115,00 
lb. per sq. in. (80.85 kg./mm.?) ; minimm 
elongation in 2 in. (50.8 mm.) (or pw 
portional gage length), 14 per cent; mini. 
mum reduction of area, 45 per cent. 

Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail 
able, tests shall be carried out if requirel 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram-me 
ters). Results markedly lower than the 
average for this type of material will k 
sufficient cause for further investigation 
(or reheat treatment) of the material. 

Selection of Test Specimens. —(@) 
Three bars of each size rolled from a hea 
shall be taken, and test pieces prepare 
in accordance with the I. A. S. B. stant 
ards. Each test piece and the bar from 
which it is cut shall be stamped with @ 
identifying number. Should any of tk 
test pieces, after being heat treated in th 
manner recommended by the steel matt 
facturer, fail to show the prescribed phy+ 
ical properties, new test pieces similarly 
identified shall be made from the sam 
three bars. At the option of the pr 
chaser the steel manufacturer may r€ 
ommend a different heat treatment ft 
the second set of test specimens, and t 
that end he may make such tests as 
desires from the remainder of the thre 
bars taken for the tests. Should any @ 
the three specimens taken for the fin 
tests fail to show the required physic 
properties, the bars of that heat of t 
size represented by the specimens shall k 
rejected. 


DIMENSIONS AND TOLERANCES.—6. Te 
dimens‘*ons and tolerances shall be tho 
given in the Specification 3811. 


DELIVERY, PACKING AND SHIPPING—. 
(a) The bars may be delivered in @® 
annealed or in the heat-treated conditiom 


(b) The bars shall in general ® 
grouped in bundles weighing not mort 
than 250 Ib. (113.4 kg.), unless otherw 
agreed between manufacturer and pl 
chaser. The heat number and the L 4 
S. B. steel serial number shall be plait 
marked on a metal tag attached to 
bundle. If bars are not so grouped 
bundled, each bar shall be plainly mar 
with the heat number and the I. A. 5% 
steel serial number. 
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AVIATION 


Chemical compositions of standard alloy steels. 














EE 
NICKEL STEELS 
Phosphorus, Sulphur, 
Number Carbon Manganese maximum maximum Nickel Chromium 
“9395 0.20-0.30 0.50-0. 80 0.040 0.045 Saeaee —ti(“‘ié‘« Re 
2330 .25- .35 .50- .80 040 045 3.25-3.75 
9335 .30- .40 .50- .80 040 045 3.25-3.75 
 —= aes dieaieseamammuaminaaedeaial 
NICKEL-CHROMIUM STEELS 
Phosphorus, Sulphur, 
Number Carbon Manganese maximum maximum Nickel Chromium 
“3130 0.25-0.35 0.50-0.80 0.040 045 1.00-1.50 0.45-0.75 
3135 .30— .40 .50- .80 .040 .045 1.00—1.50 .45— .75 
3140 .B5- .45 .50- .80 . 040 .045 1.00-1.50 .45- .75 
3230 .25- .35 .30- .60 .040 .045 . 50-2 .00 .90-1.25 
3240 .35- .45 30— .60 .040 .045 1.50-2.00 .90-1.25 
X3330 .25- .35 45- .75 .040 .045 2.75-3.25 .70— .95 
X3340 35- .45 45- .75 .040 045 2.75-3.25 -70- .95 
3330 .25- .35 .30- .60 .040 .045 3.25-3.75 1.25-1.75 
3340 35- .45 30- .60 .040 045 3.25-3.75 1.25-1.75 , 
X3440 35- .45 .30- .60 .040 .045 4.00-5.00 1.00-1.50 
CHROMIUM VANADIUM STEELS 
Phosphorus, Sulphur, Vanadium, 
Number Carbon Manganese maximum maximum Chromium minimum 
6130 0.25-0.35 0.50-0.80 0.040 0.045 0.80-1.10 0.15 
6140 35- .45 _50- .80 .040 0.045 .80-1.10 15 








When electric or crucible furnace steel 
is specified in the order the maximum 
allowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.035 per cent. 


386—Specifications for Alloy Steel Bars and 
Billets 

(175,000 Lb. Per Sq. In. 

GENERAL. —1. The general specifica- 
tions, 1G1, shall form, according to their 
applicability, «a part of these specifica- 
tions. 

MarerraL.—2. The material for these 
bars shall be chosen from among the I. 
A. S. B. standard alloy steels listed be 
low. The composition chosen shall be 
stated by the manufacturer or contractor, 
and is further limited as follows: Car- 
bon, not over 0.45 per cent. 

MANUFACTURE.—3 (a) The steel shall 
be manufactured or at least finished by 
the open-hearth, electric-furnace, or cruci 
ble process. 

(b) A suflicient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 


Tensile Strength) 





(c) The billets from which the bars 
are made are to be rough turned or 
chipped to remove all surface defects 


which might produce seams in the finished 
bar. No undercutting in chipping will be 
allowed. 

Heat Treatment.—(d) The steel manu- 
facturer shall state the heat treatment 
recommended to give the physical prop- 
erties specified. 

(e) If the bars are furnished in the 
heat-treated condition and the physical 
tests show that the heat treatment has 
hot been correct, the bars may be re- 
treated at the option of the purchaser. 

WorRKMANSHIP AND FINISH.—4. (@) 
The bars are to be sound, commercially 
Straight, free from pipes, laps, cracks, 
twists, seams, and damaged ends, and are 
to have a workmanlike finish. They are 
to be uniform in quality, within the stipu- 
lated margins of manufacture, capable of 
being turned and threaded readily and of 
taking a good finish. 

(b) Any article may be rejected be- 
cause of injurious defects or faults in 
manufacture at any time, notwithstand- 
Ing that it has previously passed the 
Physical and chemical tests; it shall be 
returned to the manufacturer at the lat- 
ter’s expense. This clause shall not be 





taken to apply to materials fabricated 
after export. 

PHYSICAL PROPERTIES AND TESTS.—5). 
(«) The bars shall have the following 
physical properties : 
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pared in accordance with the I. A. 8S. B. 
standards. Each test piece and the bar 
from which it is cut shall be stamped with 
an identifying number. Should any of 
the test pieces, after being heat treated 
in the manner recommended by the steel 
manufacturer, fail to show the prescribed 
physical properties, new test pieces sim- 
ilarly identified shall be made from the 
same three bars. At the option of the 
purchaser the steel manufacturer may 
recommend a different heat treatment for 
the second set of test specimens, and to 
that end he may make such tests as he 
desires from the remainder of the three 
bars taken for the tests.. Should any of 
the three specimens taken for the final 
tests fail to show the required physical 
properties, the bars of that heat of the 
size represented by the specimens shall be 
rejected. 

DIMENSIONS AND TOLERANCES—6. The 
dimensions and tolerances shall be those 
given in the Specification 3811. 

DELIVERY, PACKING AND~ SHIPPING.—7. 
(a) The bars may be delivered in the 
annealed or in the heat-treated condition. 

(b) The bars shall in general be 
grouped in bundles weighing not more 
than 250 Ib. (113.4 kg.), unless otherwise 
agreed between manufacturer and pur- 
chaser; the heat number and the I. A. S. 
B. steel serial number shall be plainly 
marked on a metal tag attached to each 
bundle. If bars are not so grouped and 
bundled, each bar shall be plainly marked 
with the heat number and the I. A. S. B. 
steel serial number. 


Chemical compositions of standard alloy steels. 





























NICKEL STEELS. 

. Phosphorus, Sulphur, 

Number. * @ Carbon. Manganese. maximum. maximum. Nickel Chromium. 
2330 0.25-0.35 0.50-0.80 0.040 0.045 Se Se Sn eee 
2335 .30— .40 .50- .80 .040 0.45 S  } es ae te 

NICKEL-CHROMIUM STEELS. 
Phosphorus Sulphur, 

Number. Carbon. Manganese. maximum. maximum. Nickel. Chromium. 
3135 0.30-0.40 0.50-0.80 0.040 0.045 1.00-1.50 0.45-0.75 
3230 25- .35 .30- .60 040 0.45 1.50-2.00 .90-1.25 
3240 35- .45 .30— .60 .040 045 1.50-2.00 .90-1.25 

X3330 25 35 .45- .75 .040 .045 2.75-3.25 .70—- .95 

X3340 35 45 .45- .75 .040 .045 2.75-3.25 .70— .90 
3330 35— .35 .30- .60 .040 .045 3.25-3.75 1.25-1.75 

340 35- .45 .30— .60 .040 045 3.25-3.75 1.25-1.75 
X3440 .35- .45 .30- .60 .040 .045 4.00-5.00 1.00-1.50 
CHROMIUM-VANADIUM STEELS. 

Phosphorus, Sulphur, Vanadium, 

Number. Carbon. Manganese. maximum. maximum. Chromium. minimum. 
6130 0.25-0.35 0.50—-0.80 0.040 0.045 0.80-1.10 0.15 
6140 .B5- .45 50- .80 .040 045 .80-1.10 15 

Tensiie Test—(b) Minimum tensile When electric or crucible furnace steel 


strength, 175,000 lb. per sq. in. (123.03 
kg./mm.*); minimum yield point, 150,000 
lb. per sq. in. (105.45 kg./mm.*); mini- 
mum elongation in 2 in. (50.8 mm.) (or 
proportional gage length), 12 per cent; 
minimum reduction of area, 40 per cent. 

Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail- 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram- 
meters). Results markedly lower than 
the average for this type of material will 
be sufficient cause for further investiga- 
tion (or reheat treatment) of the mate- 
rial. 

Selection of Test MSpecimens.—(d) 
Three bars of each size rolled from a 
heat shall be taken and test pieces pre- 


is specified in the order, the maximum al- 
lowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.03 per cent. 


Additional specifications issued by the 
International Aircraft Standards Board 
will be printed in the next issue of Avta- 
TION AND AERONAUTICAL ENGINEERING. 


Major Wadsworth at League Island 

Maj. George R. Wadsworth, U. S. A., 
who since the death of Maj. Henry South 
has been in charge of the Langley Field 
Experiment Station, is at present serv- 
ing as chief engineer at the Naval Air- 
craft Factory, League Island Nacy Yard, 
Philadelphia, Pa. 








Technical Reports of the S. A. E. Standards Committee 


At the sessions of the Society of Automotive Engineers, 
Aeronautical Standards Committee, held on Sept. 30 and 
Oct. 1 at the Bureau of Standards, a number of standards for 
airplane fittings was reported and discussed. 

The meeting, which was called at the request of the Aircraft 
Production Board of the Council of National Defense, was 
opened Sunday with C. F. Clarkson, general manager of the 
S. A. E. in the chair. 

A general talk on aircraft standards was made by Howard 
C. Coffin, chairman of the Aireraft Production Board. Sub- 
committee assignments were then given out and the meeting 
broke up into the sessions of the several sub-committees. 

On Monday, Charles M. Manly of the Curtiss Company 
opened the meeting and called for reports as chairman of the 
session. M. W. Hanks, standards manager of the S. A. E., 
made his report and assisted in the transaction of the business 
of the committees reporting. 

During the sessions of the Bureau of Standards the Society 
of Automotivé Engineers Aeronautical Standards Committee 
recommended the following standards: 

Airplane stick control, airplane wheel control. Ball and 
roller bearings, clip ends, clevis pins, cotter pins. Engine 
supports. Ferrules. Loops (see Wire Ends). Magneto 
dimensions, 4 and 6-cylinder engines, magneto dimensions, 
8 and 12-cylinder engines. Marking of pipe lines. Measure- 
ments, English decimal; measurements, gage number elimi- 
nation. Propeller shaft end. Serews and bolts (for engines), 
screws and bolts (for aircraft), screws and bolts (for aireraft, 
plain hex head), screws and bolts (for aircraft, ball hex 
head), screws and bolts (for aircraft, Castle hex nut), screws 
and bolts (for plain ball hex nut), screws and bolts (for 
Castle ball hex nut). Shackles. Spark plug shells. 

Test specimens, round tension; test specimens, flat tension; 
test specimens, gray cast iron, molding specimen; test 
specimen, gray cast iron, test specimen; test specimens, shock. 
Steel, carbon steel, screw stock; steel, casting steel; steel, 
nickel chromium; steel, chromium vanadium; steel, silico 
manganese, steel, nickel steel; heat treatment. System of 
measurement (see Measurements). Thimbles. Throttle 
levers. Turnbuckles. Wire and cable ends, round wire; wire 
and cable ends, non-flexible cable, and wire and eable ends, 

exible cable. 

The followings standards were recommended to the Society 
of Automotive Engineers by the Aeronautical Division: 

Radiator and jacket connection, hose clamp; reels for 
aireraft wire; specification, testing and inspection, and 
tension, wire and cable; high strength steel wire, 19 non- 
flexible steel wire cable, 7 x 7 flexible steel wire cable and 
7 x 19 extra flexible steel wire cable. 

These, however, have not yet been approved by the Society 
of Automotive Engineers as a whole. 

Work now in progress by Aeronautical Division of the 
Society of Automotive Engineers includes the following. 
Reports on those preceded by an asterisk (*) were made at 
the recent meeting. The number in parentheses following an 
item indicates the percentage of work now completed: 

*Dope and varnish (80). Engine rotation. Engine 
testing forms. _ * Engine weight specifications (80). * Glue 
(9), heat treatment of frame joints. Hand air pumps, inspec- 
tion methods. Wire ends, stream-line wire. Machine gun 
mounting. Marking spark and throttle levers. Nomen- 
clature. * Pipe fittings, fuel (75); pipe fittings, oil; pipe 
fittings, air. * Pontoon fittings (75). * Propeller-hub lock 
fittings. Propeller-hub rating, propeller stress. * Radiator 
and jacket connection, hose (75). *Safety belts (75). 
*Serews and bolts, eye bolts (90); screws and bolts, fine 
threads, small and large diameter. Screw thread gages. 
* Spark plug shells, hex, chamfer, ete. (90). Specifications, 
testing, inspecting. Non-ferrous alloys, brass, bronze, 
aluminum. Specifications, testing and inspecting. Steel 
alloys, serew stock, sheets, tubing, bars. Specifications, 
testing and inspection. * Tension, wire and cable (90). 
Tension, stream-line' wire. * Tachometer connections. 
* Turnbuckles, dimension (90). Turnbuckles, safety wires. 
Twin carbureter flanges. * Washers, plain (98); * washers, 
bevel (98). * Wheels (75), hubs, spokes, rims, tires. * Wing 
attachments (75). 
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The following is a summary of the reports made at the 
meeting : 
Magneto Dimensions 


A report on magneto dimensions submitted by A. D. 7, 
Libby simply recommended that the depth of the dowel pin 
hole be changed from 4% in. to 5/16 in., and that the width of 
the magneto space be increased from 5 in. to 644 in. 

Varnish Specifications 

The report of the Varnish Committee was read by Perey 
K. Walker of the Bureau of Standards, the following recom. 
mendations were made for varnish specifications, the varnish 
being intended for application to both spars and wings of 
airplanes: 

“The material shall be the best long oil varnish, resistant 
to air, light and water. The manufacturer is given the great- 
est latitude in the selection of raw materials and process of 
manufacture in order to produce a product of the highest 
quality. 

“The material shall comply with the following requirements: 
[t shall be clear and transparent. Its color shall be no darker 
than a standard color solution made by dissolving 6 g. of pure 
powdered potassium bichromate in 100 ce. of pure concen. 
trated sulphuric acid (specific gravity 1.84). Gentle heat 
may be used, if necessary, to secure a perfect solution of the 
bichromate. The color comparison will be made by placing the 
varnish and the standard color solution in clear, thin-walled 
glass tubes of the same diameter, 1.5 to 2 em. (5% to 13/16 in.) 
to a depth of at least 2.5 em. (1 in.) and comparing the colors 
by looking through the tubes across the column of the liquid 
by transmitted light. It shall not flash below 35 deg. C. (% 
dez. F.) in an open tester. 

“When flowed on a glass plate held in a vertical position 
and maintained at a temperature of 21 deg. to 32 deg. C. (70 
deg to 90 deg. F.) it shall set to touch at a point not less than 
2.5 em. (1 in.) from the side or top edges of the film, in not 
more than 5 hours; and shall dry hard in not more than 24 
hours to a elear, hard, glossy and elastic film. 

“ A coat of varnish will be flowed onto either black iron or 
tinplate coated with a good quality of good baking japan, 
allowing to dry 48 hours in a vertical position and then im- 
mersing in boiling water for one hour. The water will be 
siphoned through a small glass tube directly from a container 
in which it is boiling, onto the surface of the panel, in sucha 
manner that there will be no appreciable lowering of the tem- 
perature of the water before it touches the varnish film. The 
siphon delivery tube will be in a plane nearly parallel to the 
plane of the panel, so that the impact of the water will not 
tend to break the film. The varnish shall show no appreciable 
whitening and no more than a very slight dulling. 


FLEXIBILITY TEST 


“The varnish shall be flowed on one side of a piece of terne 
plate 10 by 15 em. (4 in. by 6 in.), which has been previously 
thoroughly cleaned with benzol. The coating must extend e- 
tirely across the width of the plate and for at least 14 em. 
(5% in.) of the length. The plate shall then be held in a 
vertical position for 6 hours at room temperature (21 deg. C. 
to 32 deg. C.) (70 deg. to 90 deg. F.). It shall then be placed 
in an oven at a temperature not less than 135 deg. C. (27 
deg. F.) or more than 149 deg. C. (300 deg. F.) for 17 hours. 
It will then be removed from the oven, kept at a temperature 
between 21 deg. C. (70 deg. F.) and 32 deg. C. (90 deg. F.) 
for not less than 6 nor more than 24 hours. The panel with 
the varnished side on the outside will then be rapidly bent 
double over a rod 3 mm. (% in.) in diameter at a point not 
less than 5 em. (2 in.) or more than 7.5 em. (3 in.) from the 
bottom of the plate. The varnish film shall show no eracking 
or flaking at the point of bending. 

ENDURANCE TEST 

“The varnish will be applied in three coats to two unfilled 
panels of maple wood. Each coat will be allowed to dry i 
doors for 3 days and will then be lightly sandpapered before 
the application of the next coat. The final coat will not be 


sandpapered or rubbed, and the duplicate panels will be ex 
posed outdoors, 45 deg. to the vertical, facing south, 3 days 
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after the application of the finishing coat. The backs and 
edges of the panels will also be varnished with the same sam- 
ple, but for these surfaces the details of the method of appli- 
eation as given need not be adhered to, and the effects of 
exposure on these surfaces will not be considered. On this 
test the varnish shall show satisfactory durability and weather 
resisting properties. In cases where the award of a con- 


tract cannot be delayed for the results of the exposure test, 
award may be made on the basis of the other requirements; but 
a varnish of any specific brand which does not show up satis- 
factorily on an exposure test may be omitted from considera- 
tion in future awards, and a preliminary submittal of samples 
for making exposure tests may be called for.” 


Dopes 

Dopes for airplane fabrics must consist of a clear, uniform 
mixture of ingredients and be capable of shrinking the fabric 
to the degree of tautness desired by the signal corps inspec- 
tion. The residual film should give a smooth, homogeneous 
surface When applied in a horizontal position in an atmos- 
phere not exceeding 65 deg. humidity and 75 deg. F. tempera- 
ture, free from direct draft. Besides celluloid acetate there 
are nitrated dopes, and the above requirements apply also to 
the latter. 

The viscosity of the dope must permit of direct application 
without dilution at a temperature not lower than 60 deg. F. 
(Applies also to nitrate dopes. ) 

The dope, when dry, must adhere to the fabrie with suffi- 
cient tenacity to prevent peeling off in sheets. Test strips 
should show lint attached to the side which has beer in con- 
tact with the fabric. (This specification applies also to nitrate 
dopes. ) 

Four coats, or an equivalent of the dope, 48 hours after ap- 
plication, must increase the tensile strength of linen fabrics 
not less than 25 per cent of the original strength, and of cotton 
fabrics not less than 15 per cent. The increase in weight per 
square yard of doped fabric should not be less than 2 oz. nor 
greater than 3.5 oz. The test shall be made under standard 
conditions of humidity and temperature. (Applies also to 
nitrate dopes. ) 

No mineral acids may be present in the dope, and the 
amount of free organic acidity figured as acetic acid may not 
exceed 0.2 per cent. No compounds may be present which 
would be injurious to the fabrie. (Also holds for nitrate 
dopes. ) 

Dopes which show the presence of free sulphuric acid or 
sulphates by the test given below are not acceptable. (Omit- 
ted in specification for nitrate dopes. ) 

Dopes containing tetrachlorethane are _ not 
(Omitted for nitrate dopes. ) 

The cellulose acetate used should be neutral and stable and 
completely soluble in acetone. The amount of cellulose acetate 
should be not less than 60 grams per liter. 


acceptable. 


EXPOSURE TEST 


The volatile solvents employed should present no danger 
to the workmen applying them. (Applies also to nitrate 
dopes. ) 

Five drops of gasoline dropped on the film which has been 
dried for 48 hours and immediately ignited should have no 
more serious effect than to char the fabrie under the moistened 
section of the film. (Omitted from specification for nitrate 
dopes. ) 

Dopes must comply with the following test: A square frame, 
12 in. by 12 in. inside measurement, is covered on both sides 
with fabric, the fabric being tacked to the outer side of the 
frame. The fabric is to be tacked under uniform tension, 
simulating that employed in airplane manufacture. Four 
coats or an equivalent of dope are to be applied to each side 
of the frame, each coat being allowed thoroughly to dry before 
the sueceeding coat is applied. The frames are to be exposed 
on a roof in an unshaded horizontal position. After 60 days 
of constant exposure no spontaneous cracking of the doped 
surface should be apparent, and after one hour at a tempera- 
ture of 70 deg. to 80 deg. F. the film shall not crack and shall 
have a decided ring. This test shall be made comparatively 
with a dope that has previously passed the test. (Applies 
also to nitrate dopes.) 

Dope shall be shipped in metal cans, metal or wooden bar- 
tels or earthenware containers. Inspection of the containers 
shall be permitted to insure against the introduction of foreign 
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The container shall be marked with the date of 
(Ap- 


material. 
manufacture, serial number, gross tare and net weight. 
plies also to nitrate dopes.) 

FILTRATION TEST. 


A 500-ce. beaker, containing about 200 ce. of water, is coun- 
terbalaneed on a large balance. The balance is adjusted to 
one-hundredth gram by adding or removing water. About 10 
grams of dope are poured into the water and the increase in 
weight noted. This is rapidly done to 0.01 gram to diminish 
solvent loss. The dope is stirred up and allowed to stand 10 
to 15 minutes with occasional stirring. The liquid is decanted 
through a rather porous filter into an 800-cce. beaker and 150 
ce. of warm water added to the residue. It is allowed to stand 
10 to 15 minutes with frequent stirring and poured through 
the filter into the 800-ec. beaker. The residue is washed with 
150 ee. of warm water as before. A few drops of phenol- 
phthalein are added and the solution titrated with tenth-normal 
caustic soda to a color that persists for one-half minute. 

Some dopes, notably those containing much acetone, when 
poured into water precipitate as a milky solution containing 
shreds of the acetate. The resulting liquor filters slowly and 
passes through the filter paper in a cloudy condition. Since 
the acetate is finely divided, it is practically free from acetic 
acid and additional washing is unnecessary. The end-point is 
not quite as sharp as when all the acetate has been removed, 
owing to hydrolysis of the suspended material, but is suffi- 
ciently accurate for all practical purposes. Absence of min- 
eral acids must be proved by qualitative tests. 

SULPHATE TEST, 


Twenty grams of cellulose acetate are allowed to remain at 
the temperature of the steam bath for 24 hours. The result- 
ing liquor is filtered and tested for sulphates. (Omitted from 
specification for nitrate dopes. ) 

Pour 100 grams of the dope into 300 grams of 95 per cent 
aleohol, stirring constantly. Filter the precipitate on a Buch- 
ner funnel and dry at room temperature. Extract in a soxhlet 
with ether until all extractive material has been removed and 
dry at 60 deg. C. to constant weight. 

Pour some of the dope on a glass plate and allow to dry 
spontaneously. The film may be examined for the general 
characteristics of transparency, coherence, strength and flexi- 
bility. 

. Engine Weight Specifications 

The report submitted by John R. Cautley was not acted 
on at the meeting. The form for engine weight specifications 
as submitted was as follows: 

ENGINE WEIGHT SPECIFICATIONS 
Manufacturer 
Model 


No. 

Piston displacement 

Compression ratio 

Horsepower R.P.M. (H.P. Computed 
at standard barometric pressure 29.92 in. (76 em.) 32 deg. F. 
(0°C) 45°. 

Gasoline Consumption 
above H.P. 

Oil Consumption 
above H.P. 

Propeller speed R.P.M. at above engine speed. 
Weight of engine See kilos. 


The weight of the engine includes the following parts: 

1—Ignition (service magneto and wire supports or battery ignition 
distributor and coils and wire supports). 

2—Generator (if used) with cut out, etc., and ammeter. 

6—Carbureters. 

7—-Inlet pipes. 

Above numbers refer to parts given in the schedule. 

Comparison of standard water-cooled engines with rotaries and 
fixed air-cooled types may be made by means of above schedule of 


weight. 
Spark Plug Shell 


O. C. Rohde made the report for the spark plug shell sub- 
committee. Investigation seems to show that a 1-in. hex is 
nearest to foreign standard. Further information is being 
sought on the Italian standard. If a 1-in. hex proves to be 
approximately the foreign standard, it will be recommended 
for airplane plugs. If the 1-in. hex is not found to agree 
with the foreign standards, some size now in use, preferably 
15/16 in., will be recommended for adoption. In ease a 1-in. 
hex is adopted and 1.025 in. is found to represent foreign 
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practice, a spark plug wrench with a minimum dimension of S. A. E. ArrpLane Fine THreEaD STANDARD 
1 1/32 in. is recommended. (All Threads to be of the U. S. Form) 
Where threads are chased, a flange 3/64 in. thick and .003  ___ 
in. larger in diameter than the outside thread diameter is ree- ~— 7 a 
. Threads Threads £ Threads 
DIA.= OUTSIDE. DIA Diam« ter or tometer oe eaigeneter per In, 
THREAD, +.003° . 36 144 18 314 16 
8 32 144 18 34 16 
is 38 tS is i r 
= i 2 UM sO - 
Pie te 22 1% 16 434 i8 
A 22 ai, 18 3 6 
1 5 Ba i8 By i6 
18mm DIA 6 16 
14mm. PITCH 
35) MIN. S. A. E. ArrpLane Bouts 
oe in— (Dimensions refer to drawing of bolts as adopted) 
32M : ace Bet! we 
620° Threads per in. Ee NS , — — Noo” ~~ A 
Limits “‘A’’.... 108 134 . 160 . 186 .212 246 
ommended, the neck to be .625 in. diameter by 5/64 in. thick. = — — — — 
Where threads are rolled they may be run to the shoulder. Head Diam. “B.”.. va _ ry m ‘er 250 
It is reeommended that 3/32 in. be the minimum dimension Head Height “M”. os 2 a 4 H ¥ 
from the bottom of the thread chamfer to the bottom of the gue“A”............... ince! a. ae. % 
shell. Threads per in. 24 2 20 20 
Safety Belts Limits “A” -308 -371 +483 -496 
me _ : - 
No definite recommendations were made by the sub-com- Head Diam. “B”.. Be ty * 0 
mittee on safety belts, but Mr. Hunsaker had procured a sam- ead Height “M" vs v3 at % 
ple of English manufacture which was exhibited at the meet- SS ae 
ing. This consists of two pieces of elastic webbing about 7 in S. A. E. Stanparp BeveEL WASHERS 
wide laced at the back with cotton lacing and secured together 
in front by a buckle clasp. This was said to be satisfactory : 
to the Army. The Navy was said to be using a somewhat dif re 
ferent design. Capt. Chanvalon thought that the lacing might \ 
better be of rawhide and that he would prefer elastic webbing Be - x3 
in the fastening straps. Mr. Riddell submitted a belt and eo | Hh D 
safety catch as used by the Canadian air forces. It was sug ; - 2 ei 
gested to submit Mr. Hunsaker’s sample to the Navy and ask - ¥ aad i__| 
them whether it would not meet their requirements. 1 9 ~ “ANGLe 
Wheel Rims and Wheels 
A progress report was submitted by J. E. Hale recommend ee ee on pa 
ing rims of .093 stock containing .010 to .020 per cent carbon. _ sctanseialie 
Screws and Nuts Values of angle are 6, 12, 24, 36 degrees for all sizes 











The report of the serew and nut sub-committees was sub a ee 
mitted by E. H. Ehrman, and covered airplane bolt threads, Bolt Size H I 



















































> 
fine threads, washers, ete. The recommendations follow: No. 4 No. 32 (.116) *8 
N 6 No. 27 144) is 
‘ + r ‘ N Ss No. 1 169) 
S. A. E. Arrpuane Bout THreAD STANDARD No. 10 N 0 193) 8 
All Threads to be of the U. S. Form No. 12 No. 2 (.221) ts 
4 e4 4) 
— —————————— 5 # i 
8 # 34 
Threads Threads Threads & # # 
Diameter per In Diameter per In. Diameter per In. 4 # l 
No. 4 (.112 36 No. 12 (.216) 32 is 20 
No. 6 (.138 32 14 28 ly 20 ——— 
No. 8 (.164 32 4 24 - 1 . . . y 
No. 10 (190 5 3 24 aS + S. A. E. Sranparp Pian WASHERS 
S. A. E. Stanparp BrveL WASHERS 
_1 4p I 
327 —H D 
4 D H i | 
z! | 
rT 
D tance a 
At left is shown square washer and on right, round washer _ Bolt Size H D ; ee 
No. 4(.112 No. 32 (.116) MG .035 (No. 20 B. W. G.) 
No. 6 138 No. 27 144) 'e .035 (No. 20 B. W. a} 
‘alues of ang “ce No. 8 (.164) No. 18 (. 169) 4 .035 (No. 20 B. W. G.) 
Values of angle are 6, 12, 24, 36 degrees for all sizes No. 10 (.190) No. 10 (193) 4 "035 (No. 20 B. W. G.) 
No. 12 (.216) No. 2 (.221) Vs .049 (No. 18 B. W. G.) 
4 Hi ¥ 049 (No. 18 B. W. G.) 
Bolt Size H D Te #B +t 049 (No. 18 B. W. G.) 
No. 4 No. 32 (.116) 6 M 4 4 049 (No. 18 B. W.,G.) 
No. 6 No. 27 (.144) is f ti tt ts 
No. 8 No. 18 (. 169) ag 4 #3 l ve 
No. 10 No. 10 (.193) yA Ys +5 lys ts 
No. 12 No. 2 (.221) Ys X% +4 1% ti 
4 u 5, is 4 1 % i 
% # # 74 $5 l % Pa 
%% Hi 4 4 1% us 
Te & i§ 1 ley 1% a 
lo # l ia 





—— — Numbers in “H” column are number size drills. 

















October 15, 1917 


S. A. E. StanparD SPRING WASHERS 
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size ole Clearance H Secti D 
om _ Hol ° iran .* ——- .* 
No. 6 a . 154 “axa . 247 
No. 8 ti .180 vs x & .305 
No. 10 * 206 axe "393 
No. 12 ui 232 Wyxd& .482 

MY ea Wx ts # 
% rt H xs # 
¥% & yx # 
y tr Hi ar X vs HH 
My tr ¥ ar X vs 
v6 vr ve X vs # 
5% vr § eX a ly 
Pe te X a7 lay 
%4 ty #3 Ye X os l¥y 
% tr 3 4x as 143 
1 a ] or ‘is X i 1# 
S. A. E. Stanparp AIRPLANE Eye Bouts 
-——— BOLT LENGTH—-—— 
cals ™ 

: , —-—— -— A 

[THREAD 
LENG mr 























Bolt lengths and thread lengths same as S. A. E. Standard Hex. Head Bolts 


Bolt end shown is to be used only when taking wires or cables directly 
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Di- Di- Di- Di- Di- 





Strength Hole Hole men- men- men- men- men- 

8.A.E. in Diam. Size Size sion sion sion sion sion 

Nos. Pounds 66 499 “a one — “— “—-" — “a 
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Tests on Glue 


A subcommittee on glues made a report containing specifi- 
cations for all glue used for propeller construction and for 
splices of important structural members such as longerons 
and beams. 

The glue must be a high-grade hide glue, sweet and free 
from any deleterious substances. The glue shall be compared 
to a standard sample for adhesiveness, jelly strength, viscosity, 
grease and foam. The standard sample may be obtained from 
the director of the Forest Products Laboratory, Madison, Wis., 
or may be a sample of a glue which has been satisfactorily 
used in propeller construction and certified to by the author- 
wed glue expert of the purchaser. 

Tests on glue shall include tests made at the glue factory 
and tests made at the airplane factory. Tests at the glue fac- 
tory are to insure a proper quality and certification of this 
quality. These tests shall be made by comparing the run of 


glue with the standard sample. * 

The bidder may compare his glue with the standard sample 
by any methods he desires. The tests by the purchaser, how- 
ever, will be made as follows: 
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The strength test will be made by gluing together two pieces 
of yellow birch 1 in. thick, having a shearing strength of at 
least 2200 lb. per square inch. This will require birch having 
an air-dry weight of about 50 lb. or more per cubic foot, and 
a moisture content of from 8 to 12 per cent. These should be 
tested by shearing them in a testing machine. The glue will 
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Test Pieces REFERRED TO IN GLUE REPORT 
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be mixed in proportion recommended by the glue manufac- 
turer. It will then be melted in a water bath and applied to 
the wood at a temperature of about 60 deg. C. (140 deg. F.). 
After gluing the test blocks will be held in clamps for 24 hr., 
then removed from the clamps and allowed to stand for six 
additional days. They will then be finished so that the blocks 
when ready to test will have a glued joint 2 in. square and 
will be of the shape shown in the sketch. When tested in this 
way no test block shall fail under a load of less than 2200 Ib. 
per square inch. 

The jelly strength will be determined upon a mixture con- 
taining 12 parts of water to 1 part of glue. The glue will be 
soaked and melted as described under “ Adhesiveness,” then 
allowed to stand over night in a refrigerator at a temperature 
of 5 to 10 deg. C. (40 to 50 deg. F.). The relative strength 
of the standard sample, and the bidder’s sample will then be 
determined by pressure with the fingers immediately after 
the samples are removed from the refrigerator. 

VISCOSITY TEST 

The viscosity will be determined in an Engler viscosimeter 
upon a sample containing 1 part of glue to 5 parts of water, 
soaked and melted as described under “ Adhesiveness.” Two 
hundred eubie centimeters of the glue mixture will be run 
through the viscosimeter at a temperature of 60 deg. C. (140 
deg. F.). 

The relative amount of grease present will be determined 
by mixing dye with some of the sample remaining from the 
viscosity test, painting it on unsized white paper and observ- 
ing the grease spots, 

The foam will be tested on the sample used for viscosity. 
The sample heated to 60 deg. C. will be beaten for one minute 
with a power egg beater or similar instrument, and allowed 
to stand one minute, or until the height of foam can be 
measured. 

The odor of the glue when in the hot solution must be sweet 
and must remain sweet for 48 hr.; that is, free from any sug- 
gestion of deteriorating animal matter. 

TESTS AT AIRPLANE FACTORY 

Tests made at the airplane factory are to determine the 
strength of the glue joints under the average conditions pre- 
vailing in the glue room. Tests shall be made on representa- 
tive woods used by the manufacturer concerned. The glue 
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SHEAR AND TENSION SPECIMENS FOR GLUE TESTS 


test specimen shall be made of three boards 34 in. to 1 in. 
thick, 4 ft. long and 5% in. wide. The gluing must represent 
actual practice, and no special precautions other than those 
ordinarily used shall be taken in preparing the glue or wood 
for the test specimen. The gluing shall be performed by the 
employes of the airplane factory who are accustomed to 


















































handling this kind of work. No protective coating of any 
kind shall be applied to the wood surface or to the finished 
specimen. The specimen shall set not longer than one week. 
The 4-ft. specimen shall be cut lengthwise and 10 shear blocks 
eut from each half according to the dimensions given on 
sketch. The shear blocks shall be tested as follows: 

(a) Ten of the shear blocks shall be tested immediately 
after sawing. The strength of the glue in shear shall not be 
less than that of the wood. 

(b) Ten ofthe shear blocks shall be soaked in water at 
20 deg. C. for 15 hr. and tested within 30 min. after removal 
from the water, without any preliminary drying. The strength 
after soaking shall not decrease more than 60 per cent. : 

The required strength shall be obtained for 80 per cent of 
the samples tested under each condition. A rejected propeller 
may be substituted for the 4-ft. specimen specified above. 
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The tests at the glue factory shall be made by or under the 
personal supervision of a glue expert authorized by the pur. 
chaser to make such test. The tests shall be made on every 
run of glue which is to be used in airplane construction. 

The tests at the airplane factory shall be in the pregeneg 
of an inspector for the purchaser regularly stationed at the 
factory and familiar with the methods employed there, 4 
test shall be made whenever a brand of glue is changed or g 
change is made in the method of gluing, which, in the opinion 
of the purchaser’s inspector, is important enough to warrant 
a test. 

The glue which has been tested at the glue factory shall be 
barreled in the presence of the purchaser’s representative and 
marked with the run number, rate of run, and inspector's 
stamp. The glue which is marked in this manner may be sold 
as certified glue for airplane construction. 


Portable Standardized Steel Hangars 


In the construction of hangars standardization is an impor- 
tant factor when expansion may become necessary. A standard 
product is not only more economical to turn out but additional 
sections such as are often required can be added with a mini- 
mum of expense and trouble. It is moreover a simple matter 
to make a standard structure portable and fireproof if it be 
of steel construction. 
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The diagrams shown herewith illustrate one of the standard- 
ized designs of portable hangars that are manufactured by 
the Steel Fabricating Co. This type of building is composed 
of any desired number of sections 56 ft. long and 44 ft. wide, 
or 48 ft. long and 44 ft. wide. The doors are on both sides of 
the structure. 

The roofs and side walls of each design are made in 8 ft. 
sections and all parts are standardized. While primarily de- 
signed for permanent structures, both types are portable with 
the exception of the cement floor, which is laid when desired. 


It is claimed that one of these three plane hangar may be 
erected, taken duwn, moved to a new location and put up again 
in three weeks by six men, and that the time can be shortened 
by using additional help. Skilled mechanics are not required 
for this work. 

One advantage of a standardized hangar is that additional 
units as desired may be added to a structure at any time. 
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Canvas Curtain 


While the diagrams show that curtains are used, standard 
ized accordion or folding steel doors may be substituted. The 
openings of the doors in the hangar illustrated are 56 ft. wide 
by 14 ft. 6 in. high, which is sufficiently large to admit most 
planes now being manufactured. 

The height of the units in the 56 x 44 ft. and the 48 x 44 
ft. types is 14 ft. 6 in. in the clear underneath the lowest por 
tion of the roof trusses. These hangars are arranged with two 


rows of columns located as shown in the plan and which sup 
port the longitudinal and transverse trusses. 














very 


sence 
t the 


ora 
inion 
rrant 


ll be 
> and 
etor’s 
: sold 


iy be 
again 
tened 
uired 


tional 





Flying (London), September 12, 1917 


On an Aeronautical Library.—The paucity of really good 
books on aeronautics is somewhat remarkable at first to the 
outsider, who has got beyond the elementary error of supposing 
that the history of aeronautics started a few years ago only. 
He is apt to go to the other extreme and expect to find the 
subject exhaustively treated long before it became a practical 
proposition, rather like electricity was, in its modern appli- 
cations. 

In point of fact, although certain outstanding treatises give 
many of the salient points, to gain a true perspective of the 
science of flight in its present status demands a lengthy study 
of many and various volumes by many and various writers—all 
containing something of value and most containing much chaff 
as well. 

In the Bibliography of Aeronautics, published by the Smith- 
sonian Institution in 1910, and taking in all publications up to 
1909 dealing with aeronautics, there are 13,500 titles. It is not 
proposed to set this collection out at length here, and the 
making of a selection is in some ways a very invidious task. 
But let us assume that someone is just taking up the study of 
aeronautics, not from any particular point of view, but just 
broadly. 

What books ought he to read? 
following should not be missed: 

Langley Memoir on Mechanical Flight, by Langley and 
Manly. 

Aerial Navigation, by Sir Geo. Cayley. 

Aerial Locomotion, by F. H. Wenham. 

Gliding, by Perey Pilcher. 

The Flight of Birds, by G. A. Borelli. 

L’Empire de lV Air, by L. P. Mouillard. 

Airships, Past and Present, by A. Hildebrandt. 

Aircraft in Warfare, by F. W. Lanchester. 

The Aeroplane, by A. Fage. 

Bird Flight as the Basis of Aviation, by O. Lilienthal. 

Design of Aeroplanes, by A. W. Judge. 

The Mechanics of the Aeroplane, by Captain Duchéne. 

Pocket Book of Aercnautics, by H. W. L. Moedebeck. 

Airserews, by M. A. S. Riach. 

Nouvelles Recherches sur la Résistance de V Air et VAvia- 
tion, by G. Eiffel. 

Stability in Aviation, by G. H. Bryan. 

Artificial and Natural Flight, by H. Maxim. 

Aerodynamics and Aerodonetics, by F. W. Lanchester. 

The Properties of Aerofoils, by A. W. Judge. 

Aero-Engines, by G. A. Burls. 

High Speed Internal Combustion Engines, by A. W. Judge. 

The Aero-Engine, by Kean. 

The Aeroplane Speaks, by H. Barber. 

Animal Flight, by Hankin. 

Le Vol des Oiseaux, by Marey. 


In the writer’s opinion the 


Flight (London), September 20, 1917 


Air Raids and Some Conclusions.—First, let us deal with 
air raids against the two capitals. If we presume that the 
German raiders start their flight from some point in Belgium, 
Bruges for instance, the distance to London, taking a direct 
route, is only about 140 miles, 100 of which are over the sea. 
From the time when the raiders cross the English coast to the 
time when they arrive over London only about half an hour 
elapses, which leaves little time for giving warning and send- 
ing airplanes up in pursuit, although it is true a somewhat 
longer warning of their approach should be available through 
our organized system of defense. 

On the other hand, the distance from a point on the French 
front, as Verdun or Naney, for instance, to Berlin is in the 
neighborhood of 430 miles, giving a total distance to be covered 
of 860 miles. This is in itself a serious problem to solve from 
a technical point of view, quite apart from the fact that it is 
to be expected that every mile of those 860 will, figuratively 
speaking, be contested by the enemy’s anti-aircraft defenses. 
Opinions as to the possibility of making the round trip are 
probably divided. 

_As for ourselves, we have for some time been firmly con- 
vineed that it can be done, and we feel quite confident that it 
will be done. We are keenly aware of the difficulties and do 





not underestimate these, but it is now already many months 
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since a French pilot flew to Berlin and thence to within a few 
miles of the Russian front. It is true that this pilot did not 
drop anything more frightful than pamphlets on Berlin, but 
so rapid is the development in aviation that today there are 
undoubtedly in existence machines capable, with comparative 
safety, of the round trip of 860 miles. That we are justified 
in this assumption appears to be confirmed by the report pub- 
lished last week of the Italian aviator, Capt. Giulio Laureati, 
covering a distance of approximately 1,000 miles on a new 
Italian airplane. The possibilities opened up by this splendid 
flight are enormous. 

Berlin may now be said to be within bombing distance of 
either the French or Italian fronts, and if the Huns persist, 
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the day should not be far distant when bombs instead of 
pamphlets are showered on Wilhelmsstrasse. If Berlin were 
the only objective to be aimed at, the time for warning would 
necessarily be so long as to enable the enemy to make all his 
preparations beforehand and be ready for our bombers long 
before they got to Berlin. Since, however, large portions of 
Germany are within the 500 miles radius—in fact, all of Ger- 
many except East Prussia—there are a number of points where 
attacks from the air could be made with advantage. 

Thus we have, in Germany, the industrial centers of West- 
phalia and Krupp works at Essen, for instance, the shipping 
port of Hamburg, the fortifications and shipyards all up and 
down the German North Sea coast, not to mention the Kiel 
Canal itself. In the south there are such places as Stuttgart 
and Frankfort, in times of peace centers for the motor indus- 
try, but now undoubtedly busily engaged on war work. In 
Saxony there are the chemical factories at Chemnitz, Leipzig 
and Freiberg. If we are minded to revenge Louvain, Rheims, 
ete., there are such ancient art cities as Munich, or the 
mediaeval town of Nuremberg. 

As for Austro-Hungary, all the portions that are of any in- 
dustrial or military importance are within reach of aircraft 
from the Italian frontier. The two capitals, Vienna and Buda- 
pest, are situated at a distance of only approximately half of 
the 500 miles radius, and therefore could, and we think, should, 
be given a taste of their own pet form of frightfulness. The 
industrial centers of Austria are not so very far from the 
Italian front, being chiefly spread around the eastern slope of 
the Alps and in the country between the Alps and the right 
bank of the Danube. In Bohemia we have the Skoda works 
at Pilsen, which are, of course, the Krupps of Austria. Again, 
in Austro-Hungary the Governments have spent millions of 
pounds on the canalization of the rivers, which have been ren- 
dered navigable to an astonishing extent. 

Airisms from the Four Winds.—In referring to the aeronau- 
tical part of the United States war activities, Lord Northcliffe 
sums up as follows: 
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“The enthusiastic outpourings of air amateurs and their 
cries of 100,000 airplanes have made a good many people scep- 
tical as to American participation in the air fighting. But 
behind all that talk is already a vast accomplishment. The 
solid foundation has been laid of an air service, backed by 
practically illimitable man-power and machine-power. Its 
fruits will be shown as suddenly as came conscription. The 
movement is going on as rapidly as possible, having regard to 
the thoroughness with which everything is being done. There 
has been a complete liaison with the air services of France and 
England. The models of the latest French and English ma- 

















Two BritisH AIRSHIPS 
(C) Underwood & Underwood 


chines are here. While no time has been lost, most careful con- 
sideration has been given to a definite plan of campaign.” 

Captain Ball’s Victor—That Captain Ball, V.C., R.F.C., 
was not killed by the German crack aviator Baron von Richt- 
hofen, but by his younger brother, is asserted by the former 
in his book, “ The Red Battle Flyer,” in which Captain Ball’s 
death is described as follows: 

“My brother’s twenty-second adversary was the famous 
Captain Ball, by far the best English flying man. The equally 
well known Major Hawker I had already taken to my bosom 
some months earlier. It gave me special joy that it should be 
my brother’s luck to down the second of England’s champions. 

“Captain Ball was flying a triplane, and encountered my 
brother alone at the front. Each one tried to grip the other, 
and neither exposed any vulnerable part. It proved a brief en- 
counter. Neither of the two succeeded in getting behind the 
other. 

“Suddenly within the brief moment of mutual frontal at- 
tack both managed to fire some well-aimed shots. Both flew at 
one another; both fired. Each had an engine before him, and 
the chances of a hit were very slender, the speed being double 
as great as the normal. There was really little probability 
of either hitting the other. p 

“My brother, who was somewhat lower, had banked his 
machine too much and he lost his balance. For a few moments 
his machine was beyond control. Very soon, however, he re- 
gained command, but found that his opponent had shot both 
his petrol tanks to pieces. To land was, therefore, the only re- 
source. 

“Quickly! Out with the plug, or the body will burn! The 
next thought was: What was to become of my opponent? 
At the moment of canting he had observed how the enemy also 
had swerved aside. He could, therefore, not be very far from 
him. The question arose: Is he over or under me? He was 
below. My brother saw the triplane swerving again and fall- 
ing ever more deeply. Captain Ball fell and fell until he 
reached the ground. He was on our territory. 

“ Both adversaries had in the brief moment of their encoun- 
ter hit each other with their powerful machine guns, and 
Captain Ball had received a shot in his head. He had on him 
some photographs and newspaper cuttings from his home coun- 
try, in which he was greatly praised. He appeared shortly 
before to have been home on leave. 
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* During Boelcke’s time Captain Ball had destroyed thirty. 
six German machines. Now he, too, had met his master—py 
was it a coincidence that a great one such as he should algo 
die the usual hero’s death? Captain Ball was without doh 
the leader of the anti-Richthofen squadron, and I believe that 
now the Englishmen will prefer to abstain from trying to 
catch me. I am sorry for this, because thereby we are robbed 
of many a fine opportunity for giving the English a jolly 
drubbing. Had not my brother been wounded, I believe he 
would on my return from leave also have been granted his 
leave with fifty-two Englishmen to his eredit.” 


Espana Automovil (Madrid), August 30, 1917 










On Aerial Warfare-—The Germans are employing the Zep- 
pelin type of airships for two purposes, namely, naval reeon- 
naissance in conjunction with fleet actions and for offensive 
operations, the latter chiefly against the British Isles. While 
highly efficient in the pursuit of the first named object, the 
Zeppelin has proved much less satisfactory in bombing raids, 

For offensive operations the Germans use the gigantic super. 
Zeppelin type of 56,000 cu. m. volume, which has an outer 
cover of silk, a speed of sixty-two miles per hour and carrie 
four quick-firing guns, ten machine guns and four tons of 













explosives. 

Better results appear, however, to have been attained with 
a smaller scouting type of Zeppelin which has a volume of only 
30,000 cu. m., a speed of fifty-six miles per hour, and carries 
two quick-firing guns, six machine guns and two tons of ex- 









plosives. 
(The quick-firing guns mentioned may refer to the auto- 
matic guns of % in. bore of which three were found to be 


mounted on the L353, a Zeppelin which was brought down in 
England last fall by British aviators.—Eprror. ) 








Flying (London), September 5, 1917 






The Handicap of the Wind.—The Times correspondent on 
the Western front confirm Mr. Lanchester’s views as to the 
handicap of the westerly winds. He says that “ fighting 
nearly always drifts over the enemy’s territory and that the 
Germans habitually endeavor to draw our men farther over 
their own ground, where even a small mishap may prevent 
them, against the adverse winds, to regain their own lines.” 

The handicap of the wind also deprives Allied pilots of the 
necessary evidence as to erashed German machines, without 
which their claim to victory is not officially recognized. All 
claims are carefully scrutinized at some three stages before 
they are finally admitted and published by the High Command. 
Probably in one-third of the eases where the pilots get eredit 
for having crashed enemy machines, the claim is allowed only 
through the accident of some other aviator, flying low at the 
time, having seen the descent from the clouds above and the 
actual collision with the earth, or some similar corroborating 
evidence. 

Aero-Engine Induction—With the Gnome Monosoupape 
engine the gasoline feed system to the carburetor may be by 
gravity or air pressure, by a mechanical driven air pump sup- 
plying air to the main tank, or the carburetor may be supplied 
under pressure by a mechanically driven gasoline pump 
actuated by the engine. 

When the first system is used the fuel flows direct from 
the tank to the connection on the crankshaft and the gasoline 
tank must be a certain height above the center line of the er 
gine in order to provide the necessary head. The air pressure 
system of fuel supply allows the tank to be placed in aly 
convenient position and the gasoline is supplied to the jet a 
constant pressure. A hand-operated air pump is fitted for ob 
taining the initial pressure in the tank and the air pump 
driven from the engine maintains this pressure when the et 
gine is running. An adjustable automatic relief valve is used 
and this ean be regulated to give a constant pressure of air 
the tank; also it may be adjustable during flight to correet the 
pressure to compensate for any difference in the atmosphent 
pressure due to altitude. 

In eases where the gasoline tank is placed above the centée 
line of the engine, the latter ean be started by allowing suit 
cient gasoline to flow into the erankease by gravity, but for 
any other position of the tank a small auxiliary hand pulp 
is required and connected in parallel with the mechan 
pump piping. One or two strokes of this hand pump is 
that is required for priming the engine sufficiently for start 


ing. 
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News of the F ortnight 


George O. Squier Made Major-General 

Brig. Gen. George O. Squier, Chief Signal Officer, U. 8S. A., 
was promoted on Oct. 5 to be a major-general. 

General Squier was born in Dryden, Mich., on March 21, 
1865. He graduated from West Point in 1887 and was made 
a second-lieutenant in the Third Artillery. He became a first- 
lieutenant on June 30, 1893, and was commissioned a signal 
officer with the rank of captain of volunteers on May 20, 
1898. After having served through the war with Spain, he 

















MaJ.-Gen. GeorGe O. Squier, U. S. A. 


was honorably discharged as an officer of volunteers on June 
30, 1901, having previously been appointed a captain in the 
Signal Corps, U. S. A., on Feb. 2, 1901. He became a major 
on March 2, 1903, a lieutenant-colonel on March 17, 1913, 
and a brigadier-general on Feb. 14, 1917. 

General Squier’s interest in aeronautics dates a long way 
back. When a major he drew up the specifications for the 
first American military airplane, as the result of which the 
United States Army acquired ‘1 1908 a Wright biplane, thus 
being the first army to be equipped with aviation matériel. 
To his efforts was likewise due the purchase, by the Signal 
Corps, of a small training airship built by Capt. Thomas S. 
Baldwin. 

General Squier was for four years military attaché at the 
American Embassy in London. Two of these years were 
years of war. He thus had an excellent opportunity to study 
the extraordinary increase the war brought about in Great 
Britain’s aerial establishment as well as the technical spe- 
clalization of the respective matériel and the special training 
of the personnel. Therefore, when the United States decided 
upon the creation of an air fleet, the choice of the authorities 
could not but logically fall upon General Squier who, after 
having headed the now greatly expanded Aviation Section of 
the Signal Corps, became, in view of his excellent services, 
Chief Signal Officer. General Squier’s last promotion only 
confirms the high esteem in which this savant officer is held 
in Washington. 

General Squier is a member of the Royal Institution of 


Great Britain, to which he was elected in recognition of his 

work in perfecting sine-wave telegraphy whereby the efficiency 

of submarine cables was increased from 50 to 100 per cent. 
Patent Pooling Agreement Upheld 


Attorney-General Gregory has ruled that the patent pool- 
ing scheme in the agreement between the Aircraft Production 
Board and the Manufacturers’ Aircraft Association, intended 
to prevent patent litigation, does not violate the Sherman anti- 
trust law. 

This ruling clears away a possibly serious obstacle in the 
path of the aircraft program of the Government. The effect 
of the opinion is to ratify all the work done by the Aircraft 
Production Board and the Advisory Committee for Aeronau- 
ties, and insures the employment of the entire airplane pro- 
ducing capacity of the country on the big task. 

In general terms, the agreement provides for the pooling 
in the Manufacturers’ Aireraft Association of the basic air- 
plane patents known as the Wright and Curtiss patents, and 
also of all other airplane patents now held or hereafter de- 
veloped by members of the Association. The organization is 
open to any builder or patentee on payment of nominal asso- 
ciation fees. 

Provision is made for royalty payments at $200 a machine, 
a reduction to about one-fifth of the sum asked by patent 
holders before the scheme was worked out. With the excep- 
tion of $25 assigned to maintain the Association, the royalty 
goes to holders of controlling patents. A maximum limit of 
$2,000,000 is fixed, however, for each of the Wright and Cur- 
tiss claims. Holders of any future controlling patents who 
are members of the Association will share in royalties as later 
determined. 

Proposed Aeronautical Show 


The Second Pan-American Aeronautic Exposition is being 
advertised to be held at the Grand Central Palace, New York 
City, Feb. 16 to 23, notwithstanding that the Aireraft Produe- 
tion Board recently passed the following resolution in regard 
to holding an aeronautical exposition during the war: 

“ RESOLVED, that as a matter of general policy, in view 
of the military situation, the Board does not encourage the 
holding of any expositions of aircraft for the duration of the 
war; that for military reasons no developments of new types 
of engines or planes can be exhibited, and the inevitable dis- 
traction of interest on the part of the manufacturers will not 
be in the interests of the military departments.” 

There has been no change in the policy of the Government 
in regard to holding an exposition this year, and the above 
resolution is still in force. 

The Manufacturers’ Aircraft Association has, it is stated, 
given no encouragement to the holding of an exposition this 
year, in view of the war and the Government’s expressed 
wishes in the matter. If other conditions prevailed under 
which an aeronautical show would be desirable this year, it is 
understood that the policy of the Manufacturers’ Aircraft 
Association would be to conduct the show under their own 
auspices. 


National Advisory Committee Election 
At the annual meeting of the National Advisory Committee 


for Aeronautics held recently Dr. W. F. Durand was 
reelected chairman and Dr. §S. W. Stratton was reelected 
secretary. Members of the executive committee were elected 
as follows: Dr. Joseph 8S. Ames, Dr. Charles F. Marvin, Dr. 
Michael I. Pupin, Maj. Gen. George O. Squier, United States 
Army, Dr. S. W. Stratton, Rear Admiral D. W. Taylor, 
United States Navy, and Dr. Charles D. Walcott. 

At the organization meeting of the executive committee Dr. 
Charles D. Waleott was elected chairman and Dr. 8S. W. 
Stratton, seéretary. Existing subcommittees were continued, 
and an editorial committee was appointed to prepare for 
publication the technical reports. 


Aviation Section Now in New Home 


During the past week the various branches of the Aviation 
Section, Signal Corps, with the exception of the Photographic 
Division, that were located in the Mills Building, Washington, 
D. C., moved into the old Southern Railway Building on D 
Street, N. E., near the Union Station. 
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Maj.-Gen. Goethals Heads Wright-Martin the Isthmus March 12 following, and on April 1 the President 
placed him in complete charge of the work as Chief Engineer 
and Chairman of the Isthmian Canal Commission. 

From that date the dirt began to fly. Completing the work 
ahead of schedule and for several millions dollars under the 
estimate of $375,000,000, on April 1, 1914, the old construe. 
tion organization went out of existence and General Goethals 
was made the first Governor of the Panama Canal Zone. 

Although General Goethals is a great engineer, it is recog- 
nized that his achievement at Panama was mainly due to his 
wonderful executive and administrative ability in creating and 
speeding up an organization which at its zenith numbered 
nearly 50,000 men. The esprit de corps which he inspired in 
the workers and their determination to put the job over was 
merely a reflection of the General’s own personality. 

Goethal’s administration was known as a benevolent autoe- 
racy, with underlying justice for officials or laborers. His 
Sunday morning “ court” was one of the institutions of the 
Isthmus, where he personally heard the disgruntled laborer 
or high official, settled personal and even family differences, 
administered discipline, heard suggestions for betterments and 
meted out justice té all. 

And these Sunday mornings throughout his administration 
were at the expense of the rest and recreation of a man who 
was considered the hardest worker on the canal. 

Impatient of the inefficiency of divided control and respon- 
sibility where a big job is to be accomplished, the General’s 
opinion that “ Boards are long, narrow and wooden” is an 
excellent indice to a big, kindly, and brilliant soldier, engi- 
neer and administrator. 

Maj.-Gen. Goethals received his training as an officer in the 
Engineer Corps of the United States Army. He was born in 
Brooklyn, N. Y., June 29, 1858. He was graduated from West 
Point in 1880, being commissioned a Second-Lieutenant of 
Engineers June 12, 1880. His first leutenaney came in 1882, 
and he was promoted to eaptain Dee. 14, 1891. During the 
Spanish-American War he served as Chief of Engineers in 
the volunteer army, with the rank of lieutenant-colonel. 

He was promoted to his majority in the Engineer Corps 
Feb. 7, 1900; March 2, 1907, to lieutenant-colonel, and Dee. 3, 
1909, to colonel. 

By special Act of Congress, Colonel Goethals, in recognition 
of his exceptional services on the Panama Canal, was advanced 
to the rank of major-general March 4, 1915. 





On Oct. 3 Maj.-Gen. George W. Goethals was elected presi- 
dent of the Wright-Martin Aircraft Corp. He will take at 
once an active part in directing the corporation’s affairs in an 
advisory capacity. 

Since his retirement as general manager of the Shipping 
Board, General Goethals has been engaged chie 'y in undertak- 
ings of his engineering firm, Goethals, Jamieson, Houston & 
Jay, 40 Wall Street, New York. 

General Goethals’s election as a Director of the Wright- 
Martin Corp. occurred at the annual meeting of shareholders 






















































The Signal Corps Wants Lenses 


The Chief Signal Officer requests that the widest publicity 
possible be given the following appeal: 

People of the United States are asked to help the Signal 

MaJ.-Gen. GeorGE W. GOETHALS Corps of the Army get lenses enough for cameras for the fleet 

(C) Underwood & Underwood of observation airplanes now being built. The need is imme 

When the other directors decided to make him president, he diate and of great importance; the airplanes are the eyes of 

the army and the camera lenses are the pupils of those eyes. 

German lenses can no longer be bought in the open market. 

England met this difficulty, in the earlier stages of the war, by 





















accepted with this statement: 

“T have seriously considered and discussed my acceptance 
of the position to which you have elected me, and I have 
accepted it with the view of doing some work that will be requiring lens owners to register lenses and requisitioning 
useful and assist in the prosecution of the war. My acceptance those needed. England is now making lenses better than the 
is from a sense of duty, and for such time as I ean be helpful, German ones formerly imported but no faster than needed 
or during the war period.” for her own uses. The Bureau of Standards of the United 

George H. Houston, a partner of General Goethals, is to States Department of Commerce is now perfecting a sub- 
continue as vice-president and general manager of the Wright- stitute for the German “ crown barium” glass used for lenses 
Martin Corp. Marshall J. Dodge, of Bertron, Griseom & Co., and will later be able to meet the needs, and special lenses are 
was elected a director and the retiring members were re-elected being designed for this work. 
for another year. The situation now, however, is that, with airplanes soon 

The Wright-Martin Corp. recently obtained a large order to be ready for service, suitable lenses cannot be bought. 
from the Government for Hispano-Suiza airplane engines. Hundreds are needed at once. Possessors of the required 
The output of the Wright-Martin plant at New Brunswick, types are urged to enlist their lenses in the Army. They ar 
N. J., is to supplement the Government’s production of Liberty asked immediately to notify the Photographie Division of the 
engines to equip the airplanes now in process of construction. Signal Corps, U. S. A., Mills Building Annex, Washington, 
The company a year ago engaged to build 450 Hispano-Suiza D. C., of lenses of the following deseriptions which they ar 
engines, in part for the French Government, and is still at willing to sell, stating price asked: 
work upon them. Tessar Anastigmat Lenses, made by Carl Zeiss, Jena, of 4 

The annual statement says that as soon as the last of the working aperture of F. 3.5 or F. 4.5, from 8% to 20 in. foe 
engines shall be completed, which will be in a few weeks, the length. 
full plant capacity is to be devoted to United States Govern- Bausch & Lomb Zeiss Tessars, F. 4.5, from 814 to 20 
ment work. foeal length. 



















Jeneral Goethals’ achievement as the builder of the Panama Voigtlander Heliar Anastigmat Lenses, F. 4.5, 81/4 to 24 
Canal is known and recognized throughout the civilized world. focal length. 





He was appointed a member of the Isthmian Canal Commis- Practically all of the lenses of these types in America wil 
sion March 4, 1907, by President Roosevelt. He arrived on be required, but the 84% in. lenses are most urgently need 
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ae kindly old doctor, as he fe 

tair-tail, He put his arm around the 
man he the bottom, and they stood 
ied down to them, so that 
ves as he bade the old docto 
id the teacher; when he got 











y;’ said the maiden, who 


“My boy? ail his Country, when the call 
“Our boy? said his mother_and father, as 
te ed him march away to take his pat 
Seay for - and Humanity. 





THE AMERICAN SOLDIER GOES FORT 
| BACK HIM UP WITH ALL YOUR 


COMPLIMENTS OF 


AEROPLANE AND MOTOR COR 
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J. ROBINSON HALL 


AEROPLANES, MOTORS 
AND EQUIPMENT 


PACIFIC COAST 
REPRESENTATIVE 


FOREIGN AND AMERICAN 
MANUFACTURERS 


Cc. M. SOMMERVILLE 
SALES MANAGER 


609-611 Merritt Bldg., Los Angeles, California 
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The Goodyear 
Kite-Balloon 


The kite-balloon perfected by Goodyear 
combines the principles of the man-lifting 
kite and the captive balloon. 


The first was unpractical because it required 
a strong wind. 


The second was unsatisfactory because its 
use was limited to periods of calm. 


Neither was stable, nor free enough from 
veering and yawing. 


The Goodyear type of kite-balloon has fused 
the operating principles of both, selecting 
the best in each, so that it serves in storm 
and calm and furnishes a fixed, unwaver- 
ing eye for artillery and fleet. 


The carefully adjusted inclination of the 
elongated bag makes the plane of its nether 
surface a kite when the wind is on its front, 
and a resistant plane when the air currents 
are heavy on the back of the bag. 


The refinements of keel construction, steadying side 
fins, and stabilizing tail-cups are Goodyear contribu- 
tions to steadiness in air. 


Every factor necessary to the fusion of the principles 
of kite and balloon has been developed or perfected 
—either in design or in material, or both. 





Everything in Rubber for Airplanes 
Balloons of Any Size and Every Type 


The Goodyear Tire & Rubber Company, Akron, Ohio 
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WAR WILL END QUICK 


When Aeroplanes of Speed and Durability are put into 
Service by the Allies 


ALUMINUM SHEETS 


Decrease Weight, Increase Speed, Strength and Durability 





We carry the Largest Stock in the World—and Operate 
Our Own Rolling Mills 





Service is Assured—W rite us Today 





WE ALSO MAKE ALUMINUM INGOTS, OF ALL GRADES—FOR CASTINGS OR 
STEEL PURPOSES—RODS—WIRES—GRANULES, ETC. 


_—— 


United Smelting & Aluminum Co., Inc. 


NEW HAVEN, CONN. 


BRANCHES; 
24 Stone Street, New York City 1334 Dime Bank Bldg., Detroit, Mich. 959 Monadnock Bldg., Chicago, Ill. 
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CRANKSHAFT QUALITY 


Stands out as the one requirement today of the builder of 


AIRCRAFT AND HIGH DUTY ENGINES 


Experience only can produce a product to equal these demands. 


Wyman-Gordon Company for many years, in their Research, as well as their Manu- 
facturing Departments, have been developing along the lines that make them today 
able, without experiment, to supply crankshafts of 


UNQUESTIONED RELIABILITY 


Every stage in the production of a Wyman-Gordon crankshaft is subjected to rigid 
inspection and tests guaranteeing a high metallurgical quality. 


Behind this perfect product is a perfect service. 


Prompt attention to all orders and deliveries without delay. 


WYMAN-GORDON COMPANY 


WORCESTER, MASS. 
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“ The time has come to conquer or submit.” — 
“ For us there is but one choice. We have made it.” 
—PRESIDENT WILSON. 


SUBSCRIBE NOW! 


United States Government 


BONDS 





of the 
SECOND LIBERTY LOAN 
$3,000,000,000 





(Let’s make it more!) 


These new United States Government Bonds are issued in de- 
nominations of $50 and multiples thereof. ‘The United States 
Treasury will pay you interest at 4% per annum, payable semi- 
annually. 


EASY PAYMENTS—You can pay 2% on your bonds when 
you make your application, 18% November 15, 40% December 15, 
and 40% January 15, 1918. For example, when you buy a $100 
bond you can pay $2 now, $18 November 15, $40 December 15, and 
$40 January 15. YOU CAN GET YOUR BOND AS SOON AS 
YOU HAVE FULLY PAID FORTIT. Liberty bonds are the best 
security in the world. They are readily salable and are practically 
exempt from taxation for people of moderate incomes. The law 
permits their conversion into bonds bearing higher interest should 
such bonds be issued by the Government in the future. 


HELP YOUR COUNTRY AND YOURSELF 
HELP OUR BOYS “OVER THERE ” 


Get an official Liberty Loan blank from any Bank or Trust 
Company and 


SUBSCRIBE NOW 
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Aluminum Company of America 
PITTSBURGH, PA. 
| 


Manufacturers of Aluminum 


Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding 








General Sales Office, 2400 Oliver Building, Pittsburgh, Pa. 


Branch Offices: 


Boston 131 State Street 
fn PETE CT Tee ee 1500 Westminster Building 
ee re 950 Leader-News Building 
Detroit 1512 Ford Building 
Kansas City............308 R. A. Long Building 


Los Angeles (Pierson, Roeding & Co., Agents) 
494 Pacific Electric Building 


New York 120 Broadway 
Philadelphia 1216-1218 Widener Building 
Rochester 1112 Granite Building 


San Francisco (Pierson, Roeding & Co., Agents) 
731 Rialto Building 


Seattle (Pierson, Roeding & Co., Agents) 
523 Colman Building 


Washington 509 Metropolitan Bank Building 





Send inquiries regarding aluminum in any form to nearest 


Branch Office, or to General Sales Office 
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Contractors to U.S. Army and Navy 


Tuomas-Vorse Aircrarr Corporarion 
ITHACA ,N.Y. U.S.A. 
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KYLE SMI TH AIR CR 





HUNSFINGTON, W.VA. 
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Model T. T., 90 h. p. Training Tractor 








WITTEMANN-LEWIS AIRCRAFT COMPANY 








Lincoln Highway Newark, N. J. 
Near Passaic River Telephone Market 9096 











WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 





MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY ° 
EDGEWATER, N. J. 
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The Taft-Peirce plant is one of the oldest and the 
United States. It has 
initial production of 
mechanical developments, each marking a new era in the sphere 


most ex 
tensive “contract-shops” in the 


identified with the 


be en 


evolution and many 


of human progress—such as the sewing machine, the typesetting 


development of aeronautical engines, light machinery parts and 
special tools. 

The advantage of such experience is at the command of cop 
cerns whose present production might be materially improved 
or increased by proper co-ordination. 





machine, the typewriter, the adding machine, the motorcycle and 
the automobile. 


Today it is the largest and best equipped organization of its 


U 3 
JYoonsocket, RI.USA 
a 


2003 


class in this country for work of the character necessary in th 











a counterbalanced aviation 
crankshaft.... 


one of the 1|8 different 

models we are now making 

for 14 aviation motor companies... . 
reduces vibration and eliminates bearing pressure 


We have shipped 50,392 Counterbalanced Crankshafts to August 28th, 1917 





THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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ANNOUNCEMENT! 


2 In view of the urgent requirements of the United States 
Government for 


Resistal Aviator’s Goggles 


| we are compelled to ask purchasers of RESISTAL AVIATOR’S 
GOGGLES to wait for shipments until we deliver to the 


Government. 


Shortly after October 1, 1917, we will be ina position to ship 
orders for RESISTAL AVIATOR’S GOGGLES—just ap- 
proved and standardized by the United States Signal Corps. 


STRAUSS & BUEGELEISEN 


37 Warren Street New York City 
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AIR PLANE DRY KILNS 


We are prepared to design, equip, install and operate according to Aircraft 
Engineering Division Specification No. 20,500. 


I. Grand Rapids Vapor Process Kilns (as perfected thru the erection of 
2,000 kilns in high class woodworking plants). 


II. Tiemann Humidity Regulated Kilns (as designed and developed by the 
Forest Products Laboratory at Madison, Wisconsin). 


III. Tiemann-Grand Rapids Combination Kilns (combining the scientific 
points of the Tiemann kiln with the practical experience of the 
Grand Rapids Veneer Works, subject to operation by either 
method). 










"a, 
























3 doe > : . x Our kiln instruments are in use by 
We have designed or equipped kilns for tin ebdtnians G6 tet anpacines 
STANDARD AERO CORPORATION, CANADIAN AIRPLANES, LTD. | 
DAYTON-WRIGHT AIRPLANE COMPANY, THOMAS-MORSE AIRCRAFT COMPANY, 
FISHER BODY CORPORATION, THE BURGESS COMPANY, 
CURTISS AEROPLANE & MOTOR CORPORATION, WRIGHT-MARTIN COMPANY, 
AMERICAN PROPELLER & MFG. COMPANY, GLENN L. MARTIN COMPANY. 


Submit your drying problem to experts who make a specialty of kiln design 
and are prepared to furnish and install all equipment and instruments 


GRAND RAPIDS VENEER WORKS 


Grand Rapids, Michigan Seattle, Washington 














CRANKSHAFTS, Etce., Will Be Put in Running 
Balance in My Recently Organized 










aboratory of [) ynamic alance | 

















Centrally Located in This City 
Ss 


[t appears that 











All work guaranteed and done an my latest Balancing Apparatus. 
a great deal of misinformation is now being circulated with respect to the would-be 






simplicity with which, for instance, a six throw shaft can be balanced, by some 
self-appointed experts. Let me have a shaft balanced in this manner and I will 







explain the correct way of balancing such a shaft. 












N. W. AKIMOFF. Builder of Dynamic Balancing Machinery 


Office: HARRISON BUILDING, PHILADELPHIA 
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PASCO AIRPLANE WIRE WHEELS 
STAND SUPREME 


Manufacturers of Airplanes desirmg prompt deliveries 
should place their orders immediately. 


PASCO wire wheels are built 
for durability and lightness and 
made to withstand terrific radial 
and lateral strains. Capacity 
over 400 wheels per day. 





NATIONAL WIRE WHEEL WORKS, INC. 
GENEVA, N. Y. 

















Licensed by and affiliated with Messrs. Leduc, Heitz & Co., Paris, France 


AEROPLANE DOPE 


of the’ 


HIGHEST QUALITY 


land and water machines built by constructors able to afford 
the best. Also gives excellent results and reduces fire risk 
when used for the last 2 or 3 coats over a cheaper dope 


AMERICAN EMAILLITE COMPANY 


lus Vpn 555 W. Washington Street 
uses Chicago, Ill. 
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Elf It’s For Aircratt 


And Made of Rubber 
We Can Make It 


OU can use our splendidly-equipped fac- 
tory, the brains of experienced men and the 
most modern machinery to produce any 
rubber sundries needed for aircraft. 
Wouldn’t the introduction of certain rubber parts in- 
crease the performance and efficiency of the craft you 
make? Perhaps there is some vital part, not doing 
its work satisfactorily, where rubber would be the 
logical substance to use. 
Take it up with us. There is nothing too big nor too 
small for our consideration. 
We want you to feel that we are here to cooperate 
with you in materializing any idea you might have 
for bettering aircraft construction by the use of rubber 
parts. 
We will assist you in developing 
these ideas, or you can give us the 
barest suggestions and we will work 
them out for you if at all practicable. 
We have the men, machines and experience in rubber 
manufacture. 


Why not use them? 
DURAL RUBBER CORPORATION 


Flemington New Jersey 








Heavy Elastic Aviation Cord 


We manufacture a full and complete 


line of heavy elastic aviation cord. 
We are the originators and the 
largest manufacturers in the world 
of heavy elastic cord. 




















Standard H-3 equipped with our cord 


J. W. WOOD ELASTIC WEB CO. 
STOUGHTON, MASS. 














“Usco 99 
NUMBER 72 


THE STANDARD 
KITE BALLOON Fapric 


oF AMERICA 















A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB- 
BER. 


THIS FABRIC HAS BEEN DE- 
VELOPED FROM YEARS OF 
LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 



















STRONG 
Gas- TIGHT 
NeuTRAL, INvisIBLE CoLor 
Wirtustanps ALL WeEaTHER 


ConDITIONS 
AND Aces WELL 











MADE BY THE 
WORLD’S LARGEST RUBBER COMPANY 


UNITED STATES RUBBER COMPANY 
NEW YORK 
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ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 


Rome, N. Y., U. S. A. 


AJAX 
Auto and Aero 
Sheet Metal Co. 


Manufacturers 
and designers 
of 


AERO 
RADIATORS 
INTAKE 


EXHAUST PIPES 


LINDER & MEYER 
245 W. 55th St. 
_ New York 


me << 
«CO? 0?) OO 
\ V/ 
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“Flexo” Aero 


RADIATORS 


The only 
core that 
will stand ; can be so 
severe >>) bent 

landing ' pSss 


shocks. 


The only 


core that 


without 
injury to 
the metal 
, or soldered 
corners ¢ § joints. 

to erys- oie 

tallize 

through 

vibration. 


No sharp 


“FLEXO”"—PATENTED 


AUTO RADIATOR MFG. CORP. 








Resistal 
Aviators’ Goggles 


Get your orders in at once for the new 
Government-approved Resistal Rein- 
forced-glass Aviators’ goggles and insure 
prompt delivery. 


Headquarters for all 
kinds of goggles. 








THE STRONG, KENNARD & NUTT CO. 


Manufacturing Opticians 
2044 East Ninth Street Cleveland, Ohio 


219-225 W. 12th STREET, LOS ANGELES, CAL. 
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STIMPSON——GROM Mis 


BRASS— weeny em: METAL- ee 


S itis) 


WASHERS . 
METAL SPECIALTIES 


70 FRANKLIN AVENUE MADETOORDER BROOKLYN, NEW-YORK 


| PREVENTS STALLING 
FOXBORO 


"ascot =A2na 


AIR SPEED INDICATORS 


Tell the aviator at a glance if his machine is maintaining buoyancy, or stalling. It 
accurately measures the relative wind pressure, the force which keeps the plane in the 
air. It insures safe flying. 


Send for illustrative and descriptive Bulletin No. BF110. 


THE FOXBORO CO. Foxboro, Mass., U. S. A. 
New York Chicago Pittsburgh Birmingham, Al: 
50 Church St. 1363 Monadnock Bidg. B. F. Jones Bldg. 740 Brown M arx Bl dg. 


Philadelphia St. Louis San Francise« Peacock Br« 
1414 So. Penn. Sq. 1984 R. Exch. Bldg. 461 Market St. 285 Beaver He il Hill, "Mo yntreal 


























Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 


{viation Photographic Equipment 
The Brock Automatic Camera, Type I\ 
The Brock Automatic Camera, Type V 
Enlarging Machines, Scale Map Printing 
Machines, Special Map Drawing 


Instruments : , 
Wield Deck Beams | Collapsible ' Fahrig Metal Quality has become a stand- 


The only Cameras that permit good ard for reliability. We specialize in this 
enlargements from negatives made at one tin-copper alloy which has superior 
speeds ( sles pe re ene one 

peeds of over 100 miles per hour. anti-friction qualities and great durability 


ARTHUR BROCK, JR. and is always uniform. 


SET Chr_/ ty one ty ING > So ‘ 
Orrice—§11 Butiitr BUILDING, 131: ‘ When you see a speed or distance record 
FourTH STREET : . 
: : ; ; broken by Aeroplane, Racing Automobile, 
Factory—533 No. ELEVENTH STREET . 
P 18 Pp Truck or Tractor Motor, you will find 
HILADELPHIA, FA. that Fahrig Metal Bearings were in that 


Scientific Instruments, Tools, Dies, Jigs and motor. 
Fixtures 


Factory occupies 23,000 square feet of floor space 
Screw Machine Capacity up to 2% inches. FAHRIG METAL C0., 34 Commerce St., NY. 


a 
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DROP FORGINGS 
| 


THE WHITMAN & BARNES MANUFACTURING CO. 


ESTABLiSHED 63 YEARS 
1000 WEST 120th STREET, CHICAGO, ILL. 

















AEROPLANE FIR 


WE HAVE SUPPLIED A LARGE QUANTITY OF 
DOUGLAS FIR FOR AEROPLANE PURPOSES. 


We have on hand at POUGHKEEPSIE a limited amount 
of SILVER SPRUCE for quick inspection and delivery. 


A. C. DUTTON LUMBER CORPORATION 


Mills General Sales Department Wharves, Warehouses 
SOUTH BEND, WASH. SPRINGFIELD, MASS. and Storage Yards 
TACOMA, WASH. POUGHKEEPSIE, N. Y. 




















WESTMORE 
PROPELLER 











will not warp or split PECIALLY designed 
YS constructed to 

meet the requirements 

of your power plant. 


Duplicate the propeller that 
gives you the best results. 
Send us your blades and 
we will duplicate them. 











Built for high power motors : Inquiries Solicited 


Water proof and heat proof Base: tis eae 
Quantity Production 


WRITE FOR INFORMATION 
Address AIRCRAFT DEPARTMENT 


SCHWEIZER & WEST MFG. CO. 


308-324 N. Ada St., Chicago 
Cable address “SWESCO” HARRIMAN AIRCRAFT MOTORS CO. 


Cabinet makers with over thirty years’ SOUTH GLASTONBURY, CONN. 
8 


uccessful business behind them 
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WHERE LARGE PRODUCTION 
CONVERGES WITH THE MOST 
RIGID STANDARDS OF 
QUALITY AND EFFICIENCY 








q Du Pont facilities and capacity can be de- 
pended upon to keep pace with the increased 
demands of the airplane industry. 


g Du Pont technical skill and experience will 
insure strict maintenance of the quality that has 


made DU PONT DOPE the standard for airplane 


surfaces. 


Du Pont Chemical Works 


E. I. du Pont de Nemours & Co., Owner 
120 Broadway New York 


Factors of Safety 


These Count in Aeroplane Construction 


NON-INFLAMMABLE 


Cellulose Acetate Base 


Uelestron Cloth Varnishes 


provide another SAFETY FACTOR 


NON-INFLAMMABLE 


UGleStIOn debts «° Films 


Transparent — Waterproof 
MANUFACTURED BY 


Chemical Products Company 


93 Broad Street Boston, U.S. A. 
Manufacturers of Cellulose Acetate for nearly 15 years 























Radium Luminous 
Material 


SHINES IN THE DARK 


INNUMERABLE USES 
IN ITS ORIGINAL 
MAINTENANCE OVER POWDERED FORM 
A PERIOD OF OR APPLIED WITH 
YEARS ADHESIVE 


SELF-LUMINOUS 
REQUIRES NO 


A SAFETY DEVICE FOR WAR 
ON 


MACHINE GUN, PISTOL AND RIFLE 
SIGHTS; RANGE SCALES; AUTOMATIC 
TELEPHONES; WIRELESS APPARATUS; 
NAVIGATING INSTRUMENTS OF ALL FLY- 
ING AND SAILING CRAFT; DECK CLOCKS; 
WRIST, STOP AND POCKET WATCHES; 
SIGNALS; PLOTTING BOARDS; ETO. 


Radium Luminous Material Corporation 
Fifty Five Liberty Street New York City 














Taken with n 
light except the 
glow of Marvel- 
te itself 


From an actua 
night photo 
graph without 
retouching 


Aviation Barometers Equipped With 


MARVELITE 


self-luminous Radium compound of quality 


Are proving so useful and so entirely satisfactory that 10 
manufacturer can longer afford to delay investigating the merits 
of this remarkable new meterial. Correspondence solicited, samples 
furnished and any reasonable demonstration gladly made for makers 
of barometers, compasses, sights, clocks and watches. 


COLD LIGHT MFG. COMPANY | 





DENVER, COLORADO 
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“DALTON SIX” 


In the Manufacture 
of Aeroplanes or the 
many small parts 
comprising a Unit 


“Dalton Six” 


is indispensable. 


Furnished for 


English or Metric 
Thread Cutting. 


One Manufacturer 
of fine instruments 
for aeroplanes now 
has 


(36) “DALTON SIXES” Installed 


Why Not Investigate ? 
BULLETIN B602C GIVES DETAILS 


Dalton Manufacturing Corp. 
Successors to Dalton Mach. Co., Inc. 


1911 Park Avenue New York, U.S. A. 








AUTOMATICALLY SHAPES 
AEROPLANE PROPELLERS 


HE Defiance No. 613 HIS machine, wherever in 

Aeroplane Propeller Turn- use, is every day taking 

ing Lathe is made to auto- the place of eight to ten 
matically turn propeller blades skilled workmen. With one 
of any size—to any shape or man operating a number of 
pitch—and leaves only the final lathes, each machine will pay 
finishing to be done by hand. for itself in a few months, and 
It insures correct shapes, and then start paying a daily profit 
will duplicate struts, as well as of eight to ten times a skilled 
propellers, of any design to workman's wage. 
exactness. 


in illustrated and descriptive circular of 
this machine will be mailed on request. 


THE DEFIANCE MACHINE WORKS 
DEFIANCE, OHIO, U. S. A. 


New York City London, England 





AIRPLANE 
RIMS and WHEELS 





Rims furnished punched for 
spokes and valve, ready to be built 
into wheels. 

Wheels supplied less tires,— 
complete with all parts. Made to 


our own design or from manufac- 
turer's Blue Prints. 


Manufactured by the oldest and 
best known steel rim and wire 
wheel makers in America. 


Careful experienced workmen 
and best grade of materials. 


Quotations. gladly submitted. 


The MOTT WHEEL WORKS 


Utica, N. Y. 











TRADE lox MARK 
UNIVERSAL MILLERS 


Accurate machining of Aeroplane Engine parts demand this 2A 
Universal Miller. Write for full particulars. 


FOX MACHINE CO.,, “\icxson. mci. 








No. 613 Aeroplane Propeller Turning Lat le ggg! 
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IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 1917 


Sudian Motocycle 


With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. were 
We will be pleased to arrange demonstrations of all 1917 
Indian models for interested military officials. 


Illustrated 1917 Indian Catalog and other 
descriptive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 
(Largest Motorcycle Manufacturers in the World) i? ee 
859 STATE ST. SPRINGFIELD, MASSACHUSETTS, 






































TURNBUCKLES 


of the 


Highest Quality 


Bolts and Nuts 


to Satisfy the Most 
Exacting Requirements 


Standard Screw Co. 


(of Pennsylvania) 


CORRY, PA. 





New York Office: Woolworth Building 


a ve) 














Always Dependable 


Isn’t it reasonable to assume that 
the same engineering skill which is 
responsible for setting new world’s 
records on road and speedway, could pro- 
duce an equally successful Aviation motor? 
Like the racing type, the Wisconsin Aviation 
models are noted for their dependability. 






“Wisconsin, ,' 


IN ARTO) DWN By (Os KO) ae 





Made in 6 and 12 cylinder sizes. Write for 


catalog with complete specifics ations. 


<< Se Te eee oo 








— Snes eee ane —_——— = ~ 


WISCONSIN | 
MOTOR MFG. CO. \ 


Sta. A. Dept. 338 
MILWAUKEE, WIS. 











New York Branch: 21 Park Row 
—T. M. Fermer, Factory Repre 
sentative. 































ERIE SPECIALTY COMPANY 
MANUFACTURERS 
OF 


Aircraft Metal Parts 


in conformity with the standards 
adopted by the International 
Standardization Committee. 


ERIE STANDARD 


Guarantees Perfect Workmanship 





ERIE SPECIALTY COMPANY} 
Offices: 25 PINE STREEjI, New York - | 


Factory: Erie, Pennsylvania. 
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McADAMITE-ALUMINUM COMPANY 


57-83 Isabella Ave. DETROIT, MICH. 






Highest-Grade—Strongest 


ALUMINUM CASTINGS 


Tensile strength....... 44,250 lbs. Sq. In. LARGE CAPACITY 
Compression .......... a" * * 

III “ecb ctece docs —- 06 PLANT 

I ote Dank oaab0 hl CU UCU 


Fusing Point.......... Quick Deliveries Guaranteed 


















ACIERAL METAL 


Light as Aluminum Strong as Steel 




















). Non-corrosive by salt water 
CASTINGS RODS SHEETS 
Prompt Deliveries 
- 
ACIERAL CO. OF AMERICA 
‘ain ce: Plant: 
s pe Street 20 Orange Street 
NEW YORK CITY NEWARK, N. J. 
ORDNANCE ENGINEERING CORPORATION 
NY NEW YORK OFFICE LONDON OFFICE 


“ts 








120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 





Government Contractors 3 Consulting Engineers 
Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and: Naval 
AIRCRAFT 


























PUNCH PRESS WORK ACQUIRING WINGS 
AND STAMPINGS By WILLIAM B. STOUT 


A practical book on the basic principles of aviation, 


S ae . in - giving in much more concise form than heretofore the 
pecializing particularly in /i1ero- fundamentals of airplane design and construction which 


plane work where accurate work- the ground student should study before actual training 


: : on the machine. 

manship is absolutely necessary. 

Also Aeroplane Machine Work is now in the service of the Government. 
The illustrations are clear and comprehensive. 


C BE N T U 4 yY T E L E P H O N E The volume will prove a helpful guide for the great body 


of American men who are taking up the study of aviation. 


CONSTRUCTION COMPANY ILLUSTRATED, % CENTS NET 


BUFFALO, N. Y. Moffat, Yard & Co., 120 West 32d St., New York 


The author is a recognized expert on the subject and 
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Aeroplane Company 


Jamaica Plain Boston 














The 
Lanzius 
Variable 
Speed 


Aeroplane 


Executive Offices 608-609-610 Singer 
Building, 149 Broadway, New York City. 
Telephones 6710-6711 Cortlandt. 


Lanzius Aircraft Company 











MICHIGAN 
AIRCRAFT COMPANY 


BUILDERS OF 


AIRPLANES, SEAPLANES 
and FLYING BOATS 


PARTS OR COMPLETE MACHINES BUILT 
ACCORDING TO PRIVATE DESIGNS. 
Manufacturers of Safety Stick or Dep Dual 
Control Apparatus. Indispensable for training 
machines. Insures instructor against student’s 
mis-moves. Positive and quick connecting and 
disconnecting device between instructor’s and 
student’s steering gear. Built for all types of 

aircraft, in tandem and side by side. 












Michigan 








“THE TANDEM BIPLANE” 
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Richardson Aeroplane Corporation, Inc. aR 


New Orleans, La. 
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WANTED 


300 mechanics, engineers, 
woodworkers, metal work- 
ers, etc., for airplane factory 
near Detroit about October 


20th. 


Applicants please state 


wages desired. 


Address Box 96, Care AVIATION AND 


AERONAUTICAL ENGINEERING. 











AIRPLANE MECHANICS SCHOOL 


of the 


WEST SIDE YOUNG MEN’S 
CHRISTIAN ASSOCIATION 


240 West 53rd Street, New York City 


Officially Endorsed by the 
AERO CLUB OF AMERICA 


For full particulars Address 
EDUCATIONAL DEPARTMENT 


West Side Young Men’s Christian Association 


318 West 57th Street, N. Y. C. 








STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, 
ETC., REQUIRED BY THE ACT OF CONGRESS OF AUGUST 24, 
1912, of AVIATION AND AERONAUTICAL ENGINEERING published semi-monthly 
at New York, N. Y., for October 1, 1917. 









State of New York 
ounty of New York } ‘ta 


Before me, a Notary Public, in and for the State and county aforesaid, per- 
onally appeared George Newbold, who, having been duly sworn according to 
aw, deposes and says that he is the Business Manager of Aviation and Aeronautical 





The 












ngineering and that the following is, to the best of his knowledge and behef, a 
rue statement of the ownership, management, etc., of the aforesaid publication 
jor the date shown in the above caption, required by the Act of August 24, 1912 
mbodied in section 443, Postal Laws and Regulations, to wit: 


1. That the names and addresses of the publisher, editor, managing editor, 
nd business managers are: 


_Publisher, The Gardner, Moffat Company, Inc., 120 West 32nd St., New York, 
. Y.; Editor, H. M. Williams, 120 West 32nd St.. New York, N. Y.; Managing 
ditor, H. M. Williams, 120 West 32nd St., New York, N. Y.; Business Manager, 
eorge Newbold, 120 West 32nd St., New York, N. Y. 

2. That the owners are: (Give names and addresses of individual owners, or, 
4 corporation, give its name and the names and addresses of stockholders owning 
t holding 1 per cent or more of the total amount of stock.) 


The Gardner, Moffat Company, Inc., 120 West 32nd St., New York, N. Y.; 
Milliam I. Seaman, Trustee for Lester D. Gardner, 120 West 32nd St., New York, 
-Y,; iam I, Seaman, 120 West 32nd St., New York, N. Y.; William D. Moffat, 
20 West 32nd St., New York, N. Y.; Margaret K. Gardner, 120 West 32nd St., 
ew York, N. Y. 


3. That the known bondholders, mortgagees, and other security holders own- 
bg Or holding 1 per cent or more of total amount of bonds, mortgages, or other 
eutities are: None. 


4. That the two paragraphs next above, giving the names of the owners, 
ockholders, and security holders, if any, contain not only the list of stockholders 
id security holders as they appear upon the books of the company but also, in 
*s where the stockholder or security holder appears upon the books of the 
pany as trustee or in any other fiduciary relation, the name of the person or 
"poration for whom such trustee is acting, is given; also that the said two para- 
aphs contain statements embracing affiant’s full knowledge and belief as to the 
Fmmatances and conditions under which stockholders and security holders who 
ot appear upon the books of the company as trustees, hold stock and securities 
nang d other than that of a bona fide owner; and this affiant has no reason 
indienne that any other person, association, or corporation has any interest direct 
rect in the said stock, bonds, or other securities than as so stated by him. 
GEORGE NEWBOLD. 
Sworn to and subscribed before me this twenty-first day of September, 1917. 


My |Seat.] MANGHILD A. LINDBLOM. 
‘ommuission expires March 30, 1918. 
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FOR SALE 


1. One Model “R” Wright Air- 
plane of the Reconnaissance 
Type—fully equipped with Hall- 
Scott 125 Horse Power motor. 

2. One Model “S” Wright Sea- 
plane equipped with Hall-Scott 
150 Horse Power motor. 


Two Hall-Scott 125 Horse 
Power Aviation Motors. 


iit 


TO 


VT 


Ww 


THT 





WENN 


Wty 


4. One Hispano-Suiza 100 Horse 
Power four-cylinder motor. 





The above equipment is in most ex- 
cellent condition and can be secured 
at very reasonable prices. 


SUGTTEETTRNUETA Wa TATE TESTU AEE ETT 


Don’t fail to send for detailed speci- 
fications and prices. Address Box 
50, AVIATION AND AERONAUTICAL : 
ENGINEERING. 
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—" 
: METAL HOSE 
We Strive For every Airplane Requirement 
To build the best radiator Write for specifications and prices 
made. Maximum efficiency 
= een weight with PENNSYLVANIA FLEXIBLE METALLIC 
stapHity. TUBING COMPANY 
We have never made a Broad and Race Sts., Philadelphia 
radiator to meet a price. New York Boston Chicago Detroit Cleveland 
Quality is the prime consid- BS: 
eration. ee 
Our ten years of manufac- ees roar 
turing experience 1S at your GRINDER STAMPINGS DIES 
disposal. 
° ° E realize in air or at sea there should be no 
Samples submitted Wil th W four, material. All machine parts must be 
quotations if you will mail made right and perform their functions properly, ' 
' : hence we have equipped our new plant to turn out work 
your prints. of the highest quality. We offer our facilities to you 
and trust we may be of service. 
THE ENGLISH & MERSICK CO. Wl ou ge us alt 
NEW HAVEN, CONN. LANSING STAMPING & TOOL Co. FY 
LANSING, MICHIGAN F 
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SCREW 
MACHINE 
PRODUCTS 


Take 


handle 
have. 


THOS. 


POPPE PEPER PPR sn 8 






for 
any standard or special parts required 
up to 24%” diameter. 

Our equipment and organization can 


advantage of our service 


the most accurate work you 


Quotations gladly made 


H. DALLETT CO. 
PHILADELPHIA, PA. 
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<— Boats Use 


Your Flying! 
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WaTERPROO 


LIQUID GLI 























All the prominent buildn | 
of fiying boats use this gluei} 
combination with linen betwea 
the veneer of the diagou 
planking on all their fym 
boats, pontoons and floats. I 
is not only waterproof andds 
tic but will waterproof and 
serve the linen indefinite 
Experience has shown thatwht 
this glue is used. owing to# 
elasticity, the inside layed 
diagonal planking will rem 
perfectly water tight althup 
the outside layer may be 
broken. 


L. W. 


152 Kneeland Street 
Boston, Mass., U.S. 














Ferdinand & @ 

















Suit and 
Hood Com- 
plete $35.00 





218 INDIANA AVENUE 


AVIATOR 


WIND PROOF 


SUITS 


WATER PROOF 


WEATHER PROOF 


Sanders Aviator’s suits absolutely wind and water proof made 
from heavy gabardine cloth—well lined—with hood to match. 


COMPLETE $35.00 
Send for catalogue and samples 


SANDERS COMPANY 


INDIANAPOLIS, INDIANA 











Tan Russiaa 
Leather 
Wool Lined, 
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RUDENTIAL” 
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IN METHOD OF ERECTION’ 
SCIENTIFICALLY CONSTR 
FOR AGE AND 
STORA INDUSTRIAL BUILDINGS 


43 LESS STRUCTURAL STEEL Uséd Due To FRAMING-— 
THE STRENGTH OF OUR FORMED MEMBERS *BOLTINGIMETHOD’ 
IN OUR WALL AND ROOF CONSTRUCTION. 


nanwl”“gy The C. D.PRVDEN COMPANY, sact'" His: 


GALVANIZED STEEL 
COVERING 
STRUCTURAL STEEL 


- 











LEYGRAND &CO. 


120 Broadway, New York 
MILL AGENTS ~ 


ALUMINUM SHEETS 
Screw Stock, Rod and Wire 











ent 
. 
veland 
ics §| BALL AND ROLLER BEARINGS 
LS Annular—Single and Doubie Row 
Ball Thrust—All Types Taper Roller—Standard 
Roller Thrust—Collar Type Pressed Steel—All Types 
oa Sole Agents for the U. S. of 
“tT | The Bowden Patent Wire Mechanism 
O you for the Transmission of Reciprocating Motion 
Through a Flexible and Tortuous Route. 
THE GWILLIAM COMPANY 
Co ENGINEERS 
' NEW YORK . . 253 W. 58th Street, (at Broadway) 
By. | er a 1314 Arch Street 
Flying 
ue 1| VENEERED PANELS 
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AIRPLANE and HYDROPLANE 
CONSTRUCTION 


Send for Samples Chemically Treated Which Increases 


WATERPROOFNESS 
NEW JERSEY VENEER CO., Paterson, N. J. 


Teitephone, 3620 Paterson 
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PROPELLER SERVICE 


By an organization equipped to 
take hold of your _ problems. 
QUANTITY PRODUC- 
TIONS. Let us advise on your 
specifications. 


|W. A. DOYLE, TRENTON, N. J. 














DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 


in the automobile and airplane industries. 


DOEHLER DIE-CASTING C 
ee —_, RSE 
TOLEDO.OHIO. NEWARK.N.J. 


Also Die-Cast Babbitt Bearings, Die-Castings in 
Brass & Bronze Aluminum and White Metal Alloys 














AUTOMATIC 


Screw Machine 


Products 
SHEET METAL STAMPING 


Prompt Deliveries—Heavy Volume 


Send Us Your Blue Prints and Specifications 


STEEL PRODUCTS MFG. CO. 
4611 W. 12th St. Chicago Ills, 
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Rubber Aero Cord 


FOR SHOCK ABSORBERS 


Prompt Delivery 


THE RUSSELL MANUFACTURING CO. 


349 Broadway, New York City 


Factories: MIDDLETOWN CONNECTICUT 





—... 


Oil Proof —Gasoline Proof 
Water Proof 


VELLUMOID GASKETS 
Tough—Compressible—F lexible 


If you are not familiar with Vellu- 
moid have us send you samples— 
either sheet or gaskets cut as per your 
blue prints. 


Expert Gasket Cutting department. Quick service 


Fibre Finishing Co., 27 State St., Boston 








Special Sheet Metal Work 


_ 


Airplanes 


Precise Work Executed 
from Blue Prints or 
specifications . . 


The Auto-Aero Sheet Metal Works 


45 High Street, New Haven, Conn. 


ee 











PONTOONS 


FLYING BOAT HULLS 


Built from your designs 
or from ours 


Palmer-Simpson Corp. 
Saranac Lake, N. Y. 











AIR-SCREWS 
PROVEN PROFICIENCY 


Detatled tnformation upon request 


BUFFALO AEROPLANE CORP. 





BUFFALO, N. Y. U. S. A. 


a Cable Address, ‘“‘BUFFAIRO” 7. 
Type “Bl Type ‘B2 








Aeroplane Cylinder Forgings 


We make a specialty of hollow forging in dies 
under our hydraulic presses, aeroplane cylinder forg- 
ings of high and low carbon O.H. or alloy steels. 


We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


AlsoPropeller Hubs, Flanges and Shafts, ete. 


Miscellaneous steam hammer and hy- 
draulic press die forgings of all types. 


Quick service our specialty 


TIOGA STEEL & IRON COMPANY 
52nd & Grays Avenue Philadelphia, Pa., U. 5. 4 


a 








WOOD WORKING MACHINERY 


SPECIALLY ADAPTED 


FOR 


Aeroplane Factories 








Write for information catalogue No. 97 


OLNEY & WARRIN 


406-412 Broome Street 


Tel. Spring 4425 NEW YORK, N. Y. 








— 











American Automotive Company 


Manufacturers 





Aeroplanes and Hydro-Aeroplanes 








FOURTH AND WATER STREETS 


GLOUCESTER, N. J. 
Request catalogs and prices from all | 
manufacturers in regard to parts that 
will meet U. S. Govt. requirements: 
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The Beam Airplane Company 


(INCORPORATED) 


Announce that they are in a position to accept a 
few students in their Aviation School. 


CURTISS and EUROPEAN MOTORS 
TRACTOR and PUSHER MACHINES 
CONSTRUCTION EXPERIENCE 

FEES and LIVING EXPENSES REASONABLE 
NO CHARGE FOR BREAKAGE 


Correspondence Invited 


THE BEAM AIRPLANE COMPANY 
CELINA 


OHIO 





This starter is idle when not in use and leaves the motor entirely free, 
so that interference with the engine is impossible. The United States 
Government and the British, Dutch, Norwegian, and Swedish Govern- 
ments as well, have tested and approved this device. 


Write for Free Booklet 
THE MOTOR-COMPRESSOR COMPANY, Newark, N. J., U. S. A. 








c. A. Herrmann 


DESIGN AND CONSTRUCTION 


Covering All Branches of Aviation 


Bath, N. Y. 





Automotive 
Engineering Company 


CONSULTING AERONAUTICAL ENGINEERS 


AEROPLANE and MOTOR 
DESIGN and DEVELOPMENT 
AIRCRAFT FACTORY LAYOUT 
ECONOMIC PRODUCTION PROCESSES 
120 S. State Street Chicago, Illinois 








All recognized builders 

of airplane motors in 

America use Zenith on 

their product. 

Zenith Carburetor 
Company 

New Yok DETROIT Chicage 





The United States Government 
has Specified 


Radium Luminous Compound 


for use on aircraft instruments. It is the best luminous 
material the world affords, and is giving perfect satis- 
faction in innumerable uses. 


Our own experts apply Radium Luminous Compound 
to dials, navigating instruments, etc. 


WRITE TODAY 


Radium Dial Company 
Forbes and Meyran Avenues, Pittsburgh, Pa. 











Classified 


10 cents a word, minimum charge $2.00, payable in advance. Address replies to advertisements with box numbers, care of 
AVIATION AND AERONAUTICAL ENGINEERING, 120 West 32d Street, New York. 


a 


Advertising 








WANTED—Experienced metal bench hands, mechanics, 
Woodworkers and assemblers for airplane construction. 
Thomas-Morse Aircraft Corporation, Ithaca, N. Y. 


‘meee 





ENGINEER-EXECUTIVE, at present engaged, is prepared 
to undertake the organization of an airplane plant. Equip- 
ment, production and operation plans available, also staff ex- 
berienced assistants. Address Box 91, care of AVIATION AND 
AERONAUTICAL ENGINEERING. 

i 





FOR SALE -60-hp. motor, complete, good as new, guaran- 


teed. Bargain. Also parts of Curtiss biplane. Address R. Zim- 
mer, Warsaw, Ind. 


WANTED—Reliable, experienced airplane propeller builder. 
Must have ample glue room experience. Address with reference 
and length of experience in first letter, Box 61. 





GRADUATE of high school trade course, two years mech- 
anical drafting experience, desires position with reliable con- 
cern. Address Box 100. 





FOR SALE—Five dissembled French L’Aviateur 60-hp. mo- 
tors with quantity of spares—make us offer; also several thou- 
sand dollars’ worth of miscellaneous airplane parts in good 
condition at 75% of cost price. Glenn L. Martin Company, 
Los Angeles, Cal. 








Aeronautical Trade Directory 


AVIATION AND AERONAUTICAL 


Advertisers in this issue are printed in heavy face type. 


ACETYLENE WELDING AND 
CUTTING 


Davis-Bournonville Co. 
Searchlight Co. 


ACCESSORIES AND INSTRU- 
MENTS 


DuVivier, Earnest J. 
Moto-Meter, The, Co. 

Sperry Gyroscope Co. 
Standard Aeronautical Co. 
Taylor Instrument Companies 


AIRPLANES 
Aeromarine Saies and Engineering 


American Automotive Co. 
Automotive Engineering Co. 
Bates Aeroplane Co. 

Benoist Aeroplane Co. 

Boeing Airplane Co. 

Burgess Co., The 

Ourtiss Aeroplane and Motor Corp. 
Dayton Wright Airplane Oo. 
Des Lauriers Aircraft Corp. 
Flint Airernft Co. 

Fowler Airplane Corp. 
Gallaudet Aircraft Corp. 
Hall, J. Robinson 

Heinrich, 7 A. 8S. Corp. 
Herrmann, Chas. A. 

Janney Aircraft Co. 

L. W. F. Engineering Ov. 
Lanzius Aircraft Co. 
Lawrence-Lewis Aeroplane Co. 
Lawson Aircraft Co. 

Lewis & Vought Corp. 
Longren Airplane Co. 
Michigan Aircraft Corp. 
Ordnance Eng. Co. 
Richardson Aeroplane Corp., 
Rogers Construction Co. 
Smith, Kyle, Aircraft Co. 
Standard Aero Corporntion. 
Sturtevant Aeroplane Co. 
Thomas-Morse Aircraft Corp. 
Walden-Hinners Co. 
Williams Aeroplane Co. 
Wittemann-Lewis Aircraft Ce. 
Wright-Martin Aircraft Corp. 
Lewis G. Young 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Ce. 
Automotive Engineering Co. 
Bournonville Motors Corp. 
Cleveland Aero Motor Co. 
Curtiss Aeroplane and Motor Corp. 
Duesenberg Motors Corp. 
General Ordnance Co. 
General Vehicle Co. 

Hall, J. Robinson 

Hall-Scott Motor Car Co. 
Harriman Aircraft Motors Co. 
Knox Motors Co, 

Maximotor Co. 

Miller, Harry A., Mfg. Co. 
Orlo Motor Co. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 
Sterling ay ge Co. 
Sturtevant, B. F., Co. 
Thomas-Morse Aircraft Corp. 
Union Gas Engine Co. 
Wisconsin Motor Mfg. Co. 
World’s Motor Co. 
Wright-Martin Aircraft Corp. 


AIRPLANE PARTS 
Auto-Aero Sheet Metal Co. 


Barcalo Mfg. Co. 
Century Telephone 


Inc. 


Construction 


Co. 
Erle Specialty Co. 
Levett, Walker M. Co. 
New Jersey Veneer Co. 
Pressed & Welded Steel Prod. Co. 
Rogers Construction Co. 
Standard Parts Co. 


ALUMINUM 

Acieral Co. of America 

Aluminum Castings Co. 

Aluminum Co. of America 

American Metal Co., Ltd. 

Leygrand & Co. 

McAdamite-Aluminum Co. 

So-Luminum Mfg. & Eng. Co. 
(Solder) 

United Smelting & Aluminum Co. 


AVIATION SCHOOLS 
—— Coast Aeronautical Sta- 


Beam School of Aviation 
Curtiss Training Schools 
Hydroaercraft Co. 

Moler Aviation Instructors 
Stinson Schoo! of Av'ation 
West Side Y. M. C. A 


BALL BEARINGS 
Gwilliam Co., The 





Gurney Ball Bearing Co. 
Hess-Bright Mfg. Co 

New Departure Mfg. Co. 
Norma Company of America. 
8S. K. F Ball Bearing Co. 

U. S. Ball Bearing Mfg 


Co. 
BALLOONS; DIRIGIBLES 
Connecticut Aircraft Co. 
Custer Specialty Co. (Statoscope) 
Gas Engineering Co, (Gas Plants) 
Goodyear Tire and Rubber Co. 
United States Rubber Co. 
BAROGRAPHS AND BA- 


ROMETERS 
Green, Henry J. 
Haustetter, A. 
Sussfield & Lorch 
Taylor Instrument Companies 
BEARING METALS 
American Bronze Co. 
Fahrig Metal Co. 
Levett, Walker M. Co. 
BUSHINGS 
Bound Brook Oil-Less Bearing Co, 
CARBURETORS 
Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Schebler 
Zenith Carburetor Co. 
CLOCKS AND WATCHES 
Chelsea Clock Co. 
Depollier, J., & Son 
Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Rogers, Peet & Co. 
Sanders Co. 

Spalding. A. G.. & Bros. 
Strong, Kennard & Nutt 


COMPASSES 


Sperry Gyroscope Co. 
Taylor Instrument Companies 


DOPE AND VARNISH 
Adams & BElting Co, 
American Emaillite Co. 
Chemical Products Co. 
Conover, The C. E., Co 
DuPont Chemical Work. 
Flexible Compound Co 
National Aeroplane Co. 
Pratt & Lambert 
Standard Varnish Works 
Valentine & Co. 

Weeks & Co. 


DRIFT INDICATOR 
Sperry Gyroscope Co. 
DRY KILNS 


Cutler Dry Kiln Co 
Grand Rapids Veneer Works 


DYNAMOMETER 
Sprague Electric Works 


ENGINE PARTS 
Akimoff, N. W. 

Allegheny Forging Co. 
Barcalo Mfg. Co. 

Burd High Compression Ring Co 
Dallet, Thos. H. Co. 
Doehler Die Casting Co. 
Erie Specialty Co. 

Fibre Finishing Co. 
Gifford, Leland Co. 

Gill, P, H., & Sons 
Hydraulic Pressed Steel “o 
Levett, Walker M., Co. 
Park Drop Forge Co. 
Standard Parts Co. 
Taft-Pierce Mfg. Co. 

Tioga Steel & Iron Co. 
Williams, J. H., & Co 
Whitman & Barnes Mfg. Co. 
Wyman-Gordon Co. 


ENGINEERING 
Automotive Engineering Co. 
Ordnance Engineering Co. 
White, J. G., Co. 

Villegas, Jeorge 


FABRICS 

Courtrai Mfg. Co. 

Lamb, Finlay & Co. 
McBratney, Robt. & Co. 
Whitman, Clarence & Co. 
FIRE EXTINGUISHERS 
Fyr-Fyter Co., The 
Johns-Manvilie Co., H. W. 
Pyrene Mfg. Co. 

GAGES 

Boston Auto Gage Co, 
Crosby Steam Gage & Valve Co. 
Foxboro .. The, Inc. 
United States Gage Co. 
GASKETS 

Fibre Finishing Co. 


AVIATION 


BExouinkknine will furnish information and addresses of 








GLUE 
Ferdinand, L. W., & Co. 
Baeder & Adamson. 


GOGGLES 
Strauss & Buegeleisen 


HANGARS 

American Bridge Co. 

Anchor Corrugating Constr. Co. 
Ashley Steel Bldg. Co. 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 

Milliken Bros. 

Pruden, C. D. Co. 

Virginia Bridge & Iron Co. 


LIFE PRESERVERS 


Universal Safety Mattress Co. 


LUMBER 

Alcock Co., John L. 
American Balsa Corp. 
Chetham Lumber Co. 
Delatour, J. 

Dutton, A. C. Lbr. Corp. 
Ludlow, Israel 

Mengel. C ¢., & Bros. Co. 
LUMINOUS COMPOUND 
Cold Light Mfg. Co. 
Kadium Dial Co. 

Radium Luminous Material Corp. 


MACHINERY, METAL WORK- 
ING 

Dalton Mfg. Corp. 

Warner & Swasey Co. 

MACHINERY, WOOD WORK- 


ING 
Defiance Machine Works 
Fox Machine Co. 
Olney & Warrin 


MANIFOLDS 
Ajax Auto & Aero Sheet Metal Co. 


MAGNETOS 

Bosch Magneto Co. 
Berkshire Magneto Corp. 
Ericsson Mfg. Co. 

Remy Electric Co. 
Splitdorf a Co. 


METALS 

Acieral Co. of America 
American Vanadium Co. 
Bethlehem Steel Co. 

Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
Levett, Walker M. Co. 
80-Luminum Mfg. Co. 


MODEL AIRPLANES 
Ideal Aeroplane Supply Ce. 
Wading River Mfg. Co. 
MOTORCYCLES 

Hendee Mfg. Co. 


OILS AND LUBRICANTS 
Graphite Lubricant Co. 

Gulf Refining Co. 

Sheppard Ideal Oll Co. 
Standard Oil Co. 

Swan & Finch 

Texas Co, 

Vacuum Oil Co. 

OIL PUMPS 

Wayne Oil Tank & Pump Co. 


PACKING 
Fibre Finishing Co. 


PHOTOGRAPHY 
Brock, Arthur, Jr. 
Herbert & Huesgen Co. 
PISTONS 

Levett, Walker M., Co. 


PISTON RINGS 
American Piston Ring Co. 


PONTOONS 


Niagara Boat Co. 
Palmer-Simpson Corp. 
Welen Marine Equipment Co. 


PROPELLERS 

American Propeller & Mfg. Co. 
Buffalo Aeroplane Corp. 
Doyle, W. A. 

Harriman Aircraft Motors Co. 
Hazel Walnut Propeller Co. 
Lang Propeller Co. 

Schweizer & West Mfg. Co. 


PYROMETERS 
Foxboro Co., The, Inc. 


Shere Instrument & Mfg. Co. 
Taylor Instrument Companies 


all companies listed below. 
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RADIATORs 

Auto Radiator Mfg. Corp. 
Ajax Auto & Aero § 

Bush Mfg. Co. a“ Tat 
El Arco Radiators Co. 

English & Mersick Co. 
Livingstun Kadiator Co, 
Rome-Turney Radiator Co, 
RIVETS 

Stimpson, Edwin B. Co. 


SCLEROSCOPE 


Shore Instrument & Mfg. Ce. 


SHOCK ABSORBERS 
Dural Rubber Corp. 
Russell Mfg. Co. 

Wood, J. W. Elustie Web Co, 
SPARK PLUGS 
Champion ignition Co, 
Johns-Manville Co., H. W, 
Pyro Ignition Co. 

Rajah Auto Supply Co. 
Splitdorf Electrical Co. 
SPEED INDICATORS 


Foxboro Co., The, Inc. 





Johns-Manville Co., BE. Ww, 

Stewart Warner Speedometer 
Corp. 

STABILIZERS 


Greene Aeronautical Co. 
Martin Arodynamic Stabilizer, 
Sperry Gyroscope Co. 


STAMPINGS 
Lansing Stamping & Tool Co, 


STARTERS 

Bijur Motor Lighting Co. 

Christensen, The, Engineering (Ce, 

Dayton Engineering Laboratorie 
Co. 

Motor Compressor Co. 

Northeast Electric Co. 

Wagner-Hoyt Electric Co. 


TACHOMETERS 
Johns-Manville Co., H. W. 
Nelson Blower & Furnace Co. 
Queen-Gray Co. 

Stewart Warner Speedometer Corp. 
Veeder Mfg. Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 
Foxboro Co., The, Inc. 
Taylor Instrument Companies 


TIRES AND RUBBEK 
Dural Rubber Corporation. 
Goodyear Tire & Kubber. Us. 
United States Rubber Co. 


TOOLS 

Browne & Sharpe 

Hall-Scott Motor Car Co. 
Lansing Stamping & Tool Co, 


TRUCKS AND TRAILERS 
Federal Motor Truck Co, 

Four Wheel Drive Auto Co 
Nash Motors Co. 

Packard Motor Car Co. 
Sechier & Co., The 

Service Motor Truck Co 

White Co. 


TUBING 

Empire Art Metal Co. 

Frasse, Peter A., & Co. 

Pennsylvania Flexible 
Tubing Co. 


TURNBUCKLES 

Dayton Metal Products Co. 

Erie Specialty Co. 

New York & Hagerstown Metal 
Stamping Co. 

Standard Screw Co. 


WHEELS 

Ackerman Wheel Co. 

Mott Wheel Works 

National Wire Wheel Works 

Wire Wheel Corporation of 
America. 


WIRE 
American Steel and Wire ©o. 
Century Telephone Construction 


Co. 
Electric Cable Co. 


Roebling’s, John A., Sons 
Simplex Wire and Cable Co. 
WIRELESS 





American Radio & Researeb Corp 
American Wireless Tel. Co. 
Cutting & Washington. 
Crocker-Wheeler Co. 
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AVIATION 








COUT-PLANES carry observers 

who locate masked batteries 
and. map the country behind the 
enemy lines. Upon their safe return 
and the speed made may depend the 
lives of thousands. 





And that safe return with speed is 
impossible without certainty of 
power production and transmission 
for the mounts driven by those 
observers’ pilots. 






s 


The power of an airplane’s motor deter- 
mines its value; the continuity .of that 
power, its. dependability. 





Hess-Bright Ball Bearings will increase 


| Rang eA mee bape had _ power through cutting friction down, and 
) _. Ball- Bearing o e Type used on ~ - : saad 
3 Airplane Propeller. Shalt Application assure its continuity through the excellence 
as of their manufacture. 

a . 

34 HESS-BRIGHT’S CONRAD PATENTS Government orders largely specify Hess- 

“2%. ARE THOROUGHLY ADJUDICATED © Brights. 


THE HESS- BRIGHT MANUFACTURING COMPANY 
PHILADELPHIA, PA. 


THE WILLIAMS PRINTING COMPANY, NEW YORK 
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